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Tine GKNITO-URINARY RYS'J'KM OK THR INDIAN GROUND S(iUIRRKL 
{FUNiMlil hrs PALM illDf) 

M A n Si»i>u}T 

Kin( (Ii oiuii rt 11 (*oiii«)i iKkNon 

|{(\uv<hI M^ith II 1<)IS 

HUMMAIO 

Thp KTOW anAtoinj of tho iniilo cenito-nriiiui) itjatcni of Ihi rommon IihIiiiii f>ioiiiid Minirrol 
iFunambulut Palmarum) liiiii lipcii deM nbed A iiiii inm opie Btodj of tlu ( iitiro Iinirr imilion of the 
AjHtem h«8 also been made Attertion hu« been dra«n to tin ftdlotmnjj fenlnnv — 

1 The proHtnto iclitnd 18 extm urethral III sitnution and m roiinetted with tin iirelhm bj one 
)mir of dnets only 

2 The duct of the prostate gland and that of the Momiiinl icMilc n|Nn indei>rndiiitt} inlu thi 
urethra. 

i The 08 pciiiH u preaent and haa licen ahown to b) tin osaificd anti i lor iiul ot the < t lira )ieiiiM 

4 In tile Aiuuu an ground M|Uirrel, Cittllu* ft uieeevMn 0 atH», the btiilio unthnil and bulbar 
glands along uith the imnlo duit hare been found to bo denlopmentaily iilixlcnnal in ongm and 
the proximal tnii-tliinN of the |)ciiilc uiethia is pualv iiHlodernial iii origin 

Intuoduition 

innambuiuK Ihlinamin in fotuul abiuidautly m a wild htato throughout tho 
Gangctio pintn in Northern India Spccunciib were trapped nine and clilorofonnod , 
the gcnito-uriiiBry sjbtcm wan removed eu bloc and hxtd in fortuniin Three blocks, 
one of eacli of the following groups of struoturca, were embedded in cclloidiii and 
cut sonnlly nt 15-30 micrn — 

(1) bindder niid tnnseiiliii iircthm with the probtnU Klnnd and setinnni veaiele 

m mitt 

(2) proxiiunl 2/ Irdu of tho penile niethm with (*owper’a giniid and the penile 

duct 

(3) terminal l/lrd of tho pciiilo urethra and the os peiua 

Sections were stained with bicniutoxjlin and eosiu Qmphic reconstruction 
tpethod was adopted for the tracing of ducts and other structnres, 
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Th> GPMTounrsAnv 

Tlte Knbfeys^ Th rte) s, Bladdv} and Vfclh^a —The kidneys have the usual 
characteristics of a nmmmuliaii inctanepliros They he one on either side of tlie 
vertebral column in the lumbar legion embedded in the retro-peritoneal fat. 



Fig 1 

Gcnito urinary System of Funnhylnn Palmarum 


A' Sagittal BTcUon of block A Tho ilactna deferens is seen to cross Uip ureter and the 
sominol vesicle to occupy the moat median situation The three ducts are aoentobe 
111 the interval between the proatate gland and the neck of bladder 





OEMTO UUINARY (iTBTEM OF tH£ INDIAN OBODNU BQUlXlKEb 3 

A* InienoTof the Madder atid muaiular tireihra I he NtBicid fold, ^tuital fuld and 

\eniraontaiium Am aeon Tho m iMimto onfict h of (lit throe |Mur of duola iin nhown 

It HagtUal section of bloc k B Ihe osaihed anterior end uf the crura ^the oa |K!nM) c vuginates 

throiif!;h the subataiicc of the f^lnna 

C ^Agitlal section of block C Hie jieink duet Mrhich dmiiiH tho bulbo-unthnil and bulliar 

glands runs \cntral to the peiiih uathm siirroniidcd by cavcnioun tissue nndcniloted 
within the same sheath as the urethra. 

B Bladder, Pr Z>, Duct of prostate Kland Q (ilans UO I rcteial oritico SVD 
Duet of 'Sominal vesicle PD Penile Duct, V P NchkjiI fold , /> D DikIiih defereUR , M {7 
Mutculur Urethra, G F OLUitiil fold, U I rekr, U Q Bulbar gland, Q P (u ntlal iNiUth , 
P Prostate, O P Os[icniH, C 0 Cowiiera gland, I- \ eriiniuntniium , /' U Penile urethra, 
C P Crura penis, ff Fpidid^niis, T Tc'stw, K Kidney N U Neck of Bladder, U C 
UriUiml crest , 

The thin ureters, surroundocl by i «ht ith of fatty iissno, drscoiul to the bnno of 
the bladder The bladder when diaiendod is \cr> thin-wulltd nnd tmnsluccnt^ 
and nsea abo\c the pelvic brim co\ era! on all sides by the \isceral peritoneum 
It 18 freely movable veutronlorsally at its neck winch is attached to the 
muscular and, comparatively firmly fixed, prostn tic urethra When empty it is a 
jialc yellow, globular, and soliddookiiig oi'gan lying lu front of the prostate lud the 
seminal \eHtcle 8 which project to a more cmnml level than the bladder itself The 
first or muscular part of the urethra runs caiidally between the rectum on the dorsal 
side and the symphj is pubis on tho ventral side, and tapers from a brood base at its 
junction with tho bladder to a narrow apex in the perineal rcgiou where it becomes 
coiitinuoiiA with tlie penile urethra at uliuost a light angle It is scmi-cyliiidncal 
with a flat clorsal wall which lies in close contact with the rectum The distiuction 
of this part of the uretlira into a prostatic and a membranouH part hardly seems 
justifiable because m serial sections it shows a uniform striicturo all along although 
the muscular coat gradually diminishes in thickness towards the jicnneum 

Since tlio prostate gland lies entirely outside the urethral wall ind is only 
connected with the latter by a pair of prostatic ducts, a distinct prostatic part of tho 
urethra does not exist I shall therefore call the entue peKic portion the muscular 
weihra since we cannot distinguish separate prostatic and membranous parts in it 
The mucous folds in the muscular urethra of tho Indian squirrel ire very 
constant and characteristic The nock of the bladder invaginates into the urethra 
in its dorsal part in the foim of a semi-lunnr fold iMth the conseejuent formation of 
a pouch behind it About ] iiiin below this fold there ih another identical scini-Iunar 
fold with A second pouch behind it , this latter pouch is bilocular on account of the 
elevation of tlie vcruinoiitanum which is attnilied to thts fold mid-dorsal I > and 
conveys the three pairs of genital and accossoiy genital duets 

The second or penile iiorUon of tlie urethra begins m the pciiucum vculrallv to 
the anal canal and has enclosed within its own shentli the penile duct, which runs 
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ventral to it for about two-tliird8 of the penile length before it becomee confluent 
with the urethm Crnnuilly the penis has a sharp ventral bend mid ends in a 
beak-shaped glans containing the os penis To the naked eye the os penis is 
embedded proximally in an oblong reddish swelling of the glaas at the root of which 
the i)rG])U8ul fold of skin is attached The two ci urn which form the main body of 
the ptnis are therefore soparate structures only at their attachment to the pelvic 
bone The main bod> of the penis, formed by tlic fused dorsally situated crura, 
jiresents a deep ventral gioovc into which w lodged the corpus cavernosiim 
surrounding the iienile uretlira and duct Tlic corpus cnveriiosum urethrae is 
iinifoiinly tubular m shape and easily strips away from the crural groove The 
terminal pal t of the p( ms, distal to the ventral bend, is benk-shnped and has two 
parts, a proximal wlndi is oblong in shipc, coinpirativcly soft and reddish brown in 
colour, and a distal part which is whitish and bony The nrcthia and the penile 
duct, while thc> arc embedded in the erund grouse, aic surrounded by a thm la>er 
of ca^ ornous tissue which greatl) mereases in sue in front and forms the oblong 
swi 1 1 mg at the base of the glaiis The crura traverse the dorsal part of the glans 
and tiriirnitc m the os penis vi Inch is really the ossifiid aiiteiior extremity of the 
crura Ihe uicthra tiaverses the gl ms vontrully to the base of the os penis and 
(ontuiucs Us forwiid eouise on the ventril convex aspect of the bone, burroimdcd 
only by a thin 1 i}er of soft tissue, and opens near the tip of tlic bone 

7//f — '1 he testis nic lodged within a senu-pendant, dark-skinned scro- 

tum, the glands ln\c a glistening white surface while the enveloping tunica albuginea 
shows tortuous blood-vessels The epididymis iiossesses botli a pronounced bead and 
a till connected by a narrow body which half cncirelcs each testis The vas deferens 
emerges fiom the tail of the cpidi(]}mis and, nccompa tiled b} the spermatic \essels, 
readies the pelvic bhm through the inguinal canal, thenco it courses its way 
through the narrow area between the prostate and the seminal vesicle on tlio dorsal 
side and the base of bladdei on the ventral While traversing this area the vas 
deferens runs eandal-^^ards pmillel to the duct of the opposite side, gradually 
pierces tlic wall of the miiseulnr urethra and opens into its lumen The vas deferens 
docs not join with the duct of the seminal vesicle , but botli of tlicm open indepen- 
dently into the urethra and consequently there is no formation of an ejaculatory 
duct This IS a cliaractenstic feature which rcciuiros comparative study and 
embryological investigations 

The Piostnte — In a fresh speiimcn the prostate is a compact bilaterally 
symmctnuil gland, lying in apposition to the posterior part of the nock of tlic bladder 
and the dorsal part of the muscular urethra When the bladder is full, it extends 
beyond the antmior margin of the piostatc> gland whuh, with the fat lying in front, 
presents the appeanuu o of a collar miiiid the vesu il neck Tlio gland is pyramidal 
m shape with Us apex directed |> 08 t(Tiorly and the base facing the ubdominn} cavity 
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and lyuiK against the coils of the iiitesttnc Its nntenur suiface is concave and foiins 
a bed for the fundus of the bhddor, the lateral siirfacos arc convex and are adapted 
to the shape of the pel vac cavit\, wliilc postciior surface presents i median groove 
for the lodgment of the rectum The ipex is closdy apiilied to tin posterior part 
and the side of the nock of the bladdei and the upper pait of tlic uuihcuI ir urctlira 
When the gland is dissccUd m vvatd, one lau ( isily distinguish a piu of lobia, each 
of which IS di lined b} a sep uatc diu t Thi so ducts puu e the suits of tht must u 
lar urethra 'lud open into its lumen The vvholo gl ind, tlu u fore, In s outside the 
urethra, the only coniicttion betwetu the two being tlirough the pan of ducts vvhuh 
open into the latti^r 

I'lie gland ih invested cxteiinll) by n thin t nisule of areolar and libroiis 
connective tissue whuh ilso pt lu U*atcs into the subst iiu c of the gland niid dnidcs it 



i’i« - 

Jlio Muscular 1 rtihiii ‘till opui fmm luitrnl salt tn di taonstrali lla 1 olds md 
Pouches (l)iaj,rniiulk) 

Letteiing as in Fig I 

into a number of lobules hiuh lobulf ooimisth of tlost 1} pneked tubnlos, the cells 
lining the tubules bting ugulailv uiaugid in a single li>fi At certain places, 
which are pciliips legions of gieiter utivit}, villous protisscs projet t into the 
lumen of the tubnits 1 Ik lobuhs adjoining tht ttht have shirply 

defined ciicnlai ttibules vdtii llatleind (tils, thc«>e pitMimablv function as diuts for 
carrying the setrction of peiiplieialiy situated active tubuks 
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The Sttmnal Vesides — The Bcminal veeiclets are conical in shape and lie 
ventrally to the prostate gland. Thoir bases nro i>penatod in appearance and he 
freely nt the inlet of the iiclvis, thus making it difhcult to see the prostate gland 
from the front The narrow apex of each vesicle is contmued into its duct, and is 
whitish in apponnincc but disappears behind the bladder, between it and the prostate 
gland On opening the narrow spice between the posterior surfaco of the bladder 
and the luteiior surface of the prostate, the duct of the Bcminol vesicle may be seen 
to pierce the urethral wnl) lateially to the ductus deferens 

Ihc I^oatatiC Uinde —Even a very careful seirch mode m my serial sections 
fulled to reveal any trace of this organ 

The BuUjo~U)dhial (ilauda — Those glands he on either side of the anal 
c<uial and their two ducts converge and ]oin with the median bulbar gland to 
form a single penile duct which runs ventrally to, and in the same sheath with, 
the penile urctbri The two ducts, namely, tlie penile urcthia and the ventral 
penile duct, are a conatant feature of the senal sections passing through tlie 
pioxiinil two-thirds of the penis In the tormin il oiic-third the two ducts become 
confluent 


Disci SSION 

(^cilaiii features in the anatomy of the genito-unnaiy s>siem rcijuirc special 
coiiHidcnition in view of my study of the cmbrjologj of the American ground 
s(|uiricl or spormophile^ ® (f iklhis tndccemhitraiuit) tlie genito-unnary tract of 
whu h is almost identic il anatomicull) with that of ftntmnbidtia pahnm um 

Tlie piostate gland, unlike that of man, lies completely outside the wall of the 
urethra, being connected with the hitter only by a pair of prostatic ducts There 
is MO anterior lobe of the gland Einbr^ologieally the gland sot ms to develop very 
much like tlie p incrcas or the Iivtr of vertebrates A pair of diverticula are given 
off from the urogenital sinus, the pi oxiiiml part of which form the two ducts while 
the distal pirts give rise, by n pealed and lapid proliferation outside the urethral 
wall, to the large prostate gland The large size and independent existence of this 
gland iH a very favourable adaptation to the increased activity of this gland in 
Rodents la man the divertuuln, although numerous, do not develop sufficiently to 
evnginate out of the urethral wall and the gland in the adult remains permanently 
lodged wilhin the nrothml wall , conseqiieiitl), if the gland iindci-goes hvpcrtroph> 
the lumen of the urethra is more or less occUideil and lends to a letention of unno 
The arrangement of the throe pairs of ducts, ; / , dncti deforentes, ducts of the 
Bcmin il vesicles and tlie prostatic ducts, rcqiiircM to be explained by an embi yological 
investigation, which 1 have not been able to complete for want of sufficient proper 
inatcnal In the case of the st>6rmopliiIc and tlie Indian squirrel, whei*c the ductus 
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deferens and the duct of the souunnl vosiclo open s(])amtoly into tho urcihm, F 
believe that the developmental proccHHcs involved in the Kipiirntion of the seminal 
vesicle diverticulum (duct of seminal \gslcIc) fioni tlie Wullliiiu duct (ductus 
deferens) is identical with that obserxed in the KC])aration of ureteral bud (ureter) 
from the Wolfhan duct 

An increase in the |Mirh polvina of the urogenital sinus encroiching upon and 
engulfing' the terminal pail of the Wolffian duct situ ited distall) to the seminal 
vesicle diverticulum lends to the separation of the ductus deferens ind the duct of 
the seminal vesuh, inch having an independent opuuiig into tlie nrethi i 

This tcrnunal part of the Wolffian duet ftjrnis the ejuulator> duct 
in man 

An indication that such a process is probable is proxided b> the condition 
obtained in the rod squirrel (T u» which it appears that tiu urogenital 

sinus, although it has engulfed the whole of the (jaouIat()r> duct, hasnotgoiu 
farther than the point on the Wolffian duct where the scMiiiinl \tsiclo diverticulum 
anses, so that the two ducts have a eominoii orifice into the urellira The condition 
in the grey squirrel (ft cmohitensis) on the other hand, is haul to explain theoretical- 
ly The m lin problem is the identity of the common duct formed bj the junction of 
the ductus deferens, the duct of seminal \ csiclo, and the prostatic duct There 
seems to bo only two possibilities (1) that it is the ejaculatory duct, and that the 
prostatic duct happens to open into it only secondarily, the prostate gland being 
pnmanly derived by an cvagination from the urogenital sinus , (2) that this entire 
duct IS an cvagination from the iiro-gciutnl sinus whuh has engulfed the ejiculatory 
portion of the Wolfhan duct (uleniical Ufth the conddtou iv thr mophik) und 
has the opening into it of the prostatic duct (the p/osinie gland Imng da eloped funn 
ttm pail of the nrognuUd minii) I am inclined to believe that the latter is the 
more likely possibility 

The seminal vesulcH are glandular in structure and their alveoli uhuh are 
filled with mucilaginous nmtenal never show the piesence of spcimato/on The 
arrangement of the ducts strongly suggests that the vesicles are purely socretoiy in 
function and does not store spennatoison ut all 

The prostatic utricle IS absent both in the case of the spdrnoplule and the 
Indian squirrel After studying the development of the Mullcimn ducts in tlie senes 
of spermophile embryos I concluded that the absence of the prostatic iitrule from 
the adult urethral wall is duo to the nonformntion of the vaginal (Frazer) or the 
Sinp-vaginnl (Koff) bulbs from the nrogeiutnl sinus, associated with a complete 
retrogression of the Arullenaii ducts 

Tlie museninr urethra, as the name suggests, imssesses a thick < ont of smooth 
circular muscle-fibres along its entire length which is continuonacramally with tin 
comparatively tliin-walled bladder 
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The hontolo^y of tho bulbo-niethnii (i;huiil, bulbnrs^laud nud the ]>eiiiIo duct bns 
been discuftftcd by MoH«tiunii and other pit v ions iiivostigatorH on tho subject 

1 hft\o been able to study the <inbr>ology of thiKrotriou in the case of spermo- 
phile and have coino to the concbmion that the biilbo-nrethral {inland, bulbor Kland, 
the penile duct and the teiminal pait of urethra lyiutf distally to the onfice of 
l>emlc duct me pureU k todcrmal in orit^iii and are homologous with ( 1 ) the bulbo- 
urethral gland, ( 2 ) the floor of about tho proximal two-thirds and ( )) tho whole 
terminal one-third of the pi nilc urethra in man Tho peuilo urethra, pioxitual to tho 
onfice of the ponilo duct, is puiely cndoderinal, being derived from tho urogenital 
81IU1S It IS homologous with the roof of the proximal two-tlurds of tho urethra in 
man It is sigiulicuit to note in this connection that in tho urethra of than tho 
Inuinn* are found only along tho ondodoimal roof ami so that tho lacuna mngnn, 
marks perh ips tho antcrioi liiiutof tho extension of tho urogenital sinus Mossrann*® 
suggested tin cr hideiiniil origin of tin bnlbo-niethral gland as a possibility which I 
bcdiove IS coirci t 

The os p< niH is homologous with Lin iiitiiior t ml of the (rura in man In tho 
Hcnindac the aiitciior cuds of tin (iiiii become <»‘'hiliccl md me pointed into a 
beak-sliapod i>roc OHS w huh pierces through the Hubstaiice of the glans, eenginates 
and carries a thin Injcr of glandular tissue o\oi it 
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* A well preserved series of the omhrjos of the sjiermophile was kindly sent to mo by 
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been published separately (10, 1937) 
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Tliese Photogrttpba tiro nil of h Hcximlly iimctivc Indian ground Bf]Uirrcl 
palmarum) 

Figures 3 and 4 The throe |>aini of du< ts arc seen entering through n hint us in th* iniiBeulnns nt 
the neck of the bladder 

5 rhe ducts have enterod the muttcularia 

6 Tne dutta are running in Iht submucosa Ihe ducts of prostiitr gland ImM 

migrated well in towards the lumen of iirethm 

7 The diu ta aro 111 the HubHlanco of Uie vemniontnnum The left pnwlnln duct has 
o|>t^ned out Ihc genital fold and the jioiuh iMdiind it ih Hcen on the lift Hide 

^ Roth the proslntic ducts have iilrc*ndy oixiick.! out Jhc dmt of lift Hiniiiml 

A (Rich IS opening (lemtal fold and the jtonoh are prononn((Ml on hoth tin Hidiv 

9 rhe du( t of M iniiial \esKle and the ductUH deferenn arc ojh mug hi imru(il) on the 

htt Hide 

30 Scetioii Hhowing ]>artH of the Rcmiiml iOfude and th( )>roHliite gland in the Fame 
held The tao glands are strin liimlly quite dilh nmt 

H Section through th( iKHtonor )tart of tin Inilbo iirithnU gland shnwing tin major 
collecting ducts 

1] Section Hhowtng tin ducU of bulbourethral glanda passing through the bullmr 
gland 

13 Section through the bulbar gland showing tile (*00101011 cavity (liegiiining of the 
iwnilc duct) 

14 HchUoii through the proximal i>orliou of jx idle nre I hra shoAMiig the urethra and 
the iKiiile duct Hurmuiided by tavcrnoiw tisHUc and encloRiHl u illiin a common 
sheath 

BUG Hull>o-iiretlirnl gliind ( T rtthni B 0 Ihilhnr gland ^ J) ff I G Duct of 
Imllio urethral gland P D Penile Duct /V, I) Dint of Pnmtati gland, C ( C'orpiiR 
cavcmOHiim , Sv 1) Diic-t of S*niuiul \ c'hicIc /V Pro»lnlc gland 8 V Kiniiiiil vesuh 
D D DuctuH DcfcniiH 



ON A NEW 8PECI^:S OF THE GENUS ASTIOTRKUA liOOSS, 

J901, FROM THE INTESTINE OF A FRESH WATER FISH, 
CLAIUAS BiTRAClIUS (FROM LUCKNOW) 

Th J Dayai 

]'>rPARTWFNT OF ZoOfAK LlTKNOH I^MVFRMITY 
Rweivwl March 1, 1918 

SUMMARY 

Aitiotrtma daaata is a amall <reinRtodc 2*2 mm long by 0*42 mm brand The akin U 
rovoml with apiiiea Oral sucker in eqnnl to ventral Hiicker I'rcpharynx in abwnt , iiharviix and 
ooBophuKiia uro ulII de\eJo])ed , the intentmal tacca run up to the pottenor end of the body 
Genital opening is situated in front of tho ventral Biioker a little to the right. Testes are slightly 
lobed and tandem in position Cimis sac is large and extends up to the ovary Reeeptaculiim 
seminis is small Vitelline glands extend from the ventral sucker to the posterior end of tlie hinder 
testis. The relationship of the form is discussed and a key to the species of the genus » given 
in the paper 

Loobb (1899) erected the cenng AsUa to include Aaita tmpMum and Aatm 
temfeiiim (I)istomain, ipnrfemm Iaioss, 1898) Looss (1901) changed the generic 
name to Aaliotiema, tlio name A s/zn being preoccupied, and both the species were 
included in the genua Since then several apecies have been described and added 
to the genus which now contains the following species — 

1 A impleturn, Loosh (1899), 2 A temfemm, Looss (1898), 3 A 
f»o»f«ce//r, StosEich (1904), 4 A emydta, Ejsmont (1930), 5 A el(»ifiat»m,VLehn 
(1031), (Syii A pont/eftCKs, Hnrshc 1932), 8 A fortsstt, Mehra (1931), 7 A mdtea, 
Thapar (1033), 8 A spinosa, Chattcrji (1933), 9 A or/4;zoz, Blialerao (1936), 
10 A iumt, Bhalerao (1930), 11 i oticnlnle, Yamaguli (1937) 

The form described ui the present coininumcation differs from others in 
important characters and hence the necessity of erecting a new spectes 

Aahoheim dnatnOf'S 8p 

Asttotiemn dnma is a small cylindrical treraatode witli rounded anterior 
and posterior ends It is 2 2 inm long by 0 42 mm broad m the region of the Tiot) pe 
The skin is covered with small backwardly directed spines 

The oral sucker is circular and snbtcrminal in position It is 0 14 mm in 
diameter The acetabulum is circular and equal to the oral sucker It is situated 
at a distance of 0 65 mm from the anterior end 

10 
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Fig 1 

Yentral view of AatioUema lUtma 

The month is an oval opening at the anterior end of the alimentary canal 
It leads into a muscular pharynx 0 05 turn long by 0 06 mm broad Posterior to 
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the phar>nx i8 a lon£ (osophngus Odl mm long by 003 min broad, the latter 
bifurcates into two iritostinnl C4eca uhi% run up to the postciior end of the body 

The excrctor> {loro is terminal and la aitnntcd at the iiostenor end of the body 
It leads into a ^ -shaped (xcretor> bladder whicli extends up to the t>oi>pe, where it 
brandies into two short di\ crticnl i 

The gdutal opt mug is situated in front of the acetabulum a little to the nght. 

The male loprodnctixe organs consist of two Ustes with irrcgulir margin 
giving It a lobed appcaiancc They he one behind the otiur in the iioatcrior half of 
the bod) "Jhe anterior testis is sninller than the postenor and is 0 10 mm long b> 
0 2 nim bioad It lies it a distance of 1 2 ~> inm from the anterior end Ihe jiostonor 
testis IS 0 J mm long b> 0 2 ^ min broad It is situated at a distance of 1 5 niin from 
the anterior end 

Ihc cirrus sac is largo and extends as i ir as theoxar) It is 0 12 mm long 
b> 0 08 mm broad The seminal vesicle is large and occupies n greater ])ortioa of the 
cirrus sac It isOJ2 mm long by 0005 miu bioad Jt opens through a short 
ejaculatoi} duet into a long narrow cirrus 007 mm long The litter opens at the 
genital pore in front of the acetabulum 

Iheovarj is an oval organ lying at a distance of 005 mm from the antcnoi 
end It IS 013 mm long by 015 mm broad From the hinder end of the ovary 
II ISC 8 the oviduct which opens into the ootype A large number of unicellular shell 
glands surround the ootype 

Ihe rex.cptaeulum seminis is a small pear-shaped organ situated on the left side 
of the ooljpe It is 007 mm long by 0046 inrn broad A Ijaurer^s canal is present 

4h(> vitelline glands consist of small follicles nminl) on the lateral sides but 
cover the intostinni caeca and at places extend into the iiiter-eaK.al area They ex* 
tend fiom the ventral sucker to the hinder region of the posterior tostis The two 
trinsversc vitelline duets formed by the union of otlior ducts meet beliind the ootype 
to form a common duct The latter nins forward to open into the ootype 

Ihe uterus arises from the leftside of the ootype opposite the opening of the 
oviduct and runs posteiiorly in a sinuous course towards the posterior end It then 
passes antcnoi ly in the same manner, to the left of the cirrus sac, and opens into the 
genital jiore 

The eggs are oval in shape eoveied over b> a thm brown shell 'J'hey measure 
0 020—0020 mm in leiigtli by 0012— 0014 nmi in breadth 

The characters of the new form may be summarised as follows — 

Small ejlindnenl body covered with small spines, oral sue kcr equal to ace* 
tibuhim, ]>rephnr>nx absent, aso])hagn8 long, testes slightly lobed, situated in the 
post enor half of the body one behind tlie other , cirrus sac large and extending up 
to the ovary, receptncuhim scmtiiis small, vitelline glands extending from the 
veutral sucker to the postenoir end of the binder testis 



ox A Mflw KriCCIKS OF nil' (iKNUS AbTlOTREMA lA)Oi$b 1901 Vi 

liemmks — Tlie new form, /Itf/<o^/cmrtrfrrtf«m,ro8eniblc8 A y»rf?m Thapnr (193 J) 
in having both tho suckers equal but diiferM from it in the absence of prophnr> nx, 
in the slmpe and position of teste**, lu the extension of Mtclliiic glands and in the 
shaiKJ and si/c of tho rociptaculuin sctniius 


K^^ I'D lilt Sl»fCll-SOl IIIF Ci>MS \hrlUll^M\ 


1 Oral sucker equal to ventral «u< ker 
Oral sucker sniallet than \ entral sucker 
Oial Huckir laigei ih in ventral sucker 

2 Receptaculuni somiins larger thin ovar>, scnuhinar iii slniu 
Vitelline glands extend from tho \ entral smker to tlu 

anterior end of the posteiioi testis 

Itoceptacnluin seniims nnu h sniitiii ili in o\ ii) ind peat-*^li q>cd 
Vit( lime glands fxteint fioni tin \Mifril •siukn to the postciioi 
end of the postorioi testis 

{ Testes loundcd, nuigiiis hiiiootli \it<IliiM gl inds from the 
ventral sucker to the hindei ( nd of tlie interior (< ^tis 

IVstes rounded, Mteliinc glands m imly ixtiatacal fiom a little 
behind acotabulurn to near uical ( iids, (t ivmg tin i itter uiieovciLd 
Teates dce|)ly lobod, Mtillniia fioin tin o\niv to thi hiiuhi 
region of the posterioi testis where th(> extend be }oiid it 

4 Intostui il bifiiu itioii postil loi \( iifial HiK Ivci, intestinal 
taia terinm ite unttuoi to posti nor te stis, muIIiui gl nids h w 
luUhfinil bifurtation aiiteiioi to xenti il sue lu i 
1 VitilliiK fe»Ilie hs conlluent iiudidl) interieu to ie.( tabuluni, 
testes and ovarx rouiielcd and ibemt equil in si/t 

Vitelline feilliLlcs not lemflnent niUiioi te) leetabiiluin, testes 
distinctl) lirgd thin ovai> 

() Testes lounde d xvitli smooth in iigiiis 
Testes lobtd 

7 Intestinal bifure-ntieai belniid genital i)ore, vitelline glinda 
from the middle of oisophagiis to tho niiddlo of luteiior testis 

Intestinal bifurcation in front of genital iiorc 

8 Testes kidney -shaped, xutelhno glands extend from the 
venfa*al suoker to tlic anterior testis, oxuiryiu irthe middle ot the body 

Testes rounded, vitelline glands extend from the ventral suckci 
to the anterior region of tho posterior testis, ovary near ae( iabuluiu 

9 Testes not deeply lobed, intestinal cu?cn extending behind 
posterior testis 
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Testes deeply lobed, mtestmal caeca Bot exteoduiK behind the 
posterior testis A- odktten 

I ain deeply indebted to Dr O S Thapnr for his kind help and placing at my 
disposal bis valuable library 
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ON THE OCCURRENCE OF SARJUilNKM I ()} 1ft (SKRIABIN, 101 Fi) 

IN INDIA 

Bv M AhDUHH ILAM, L V P 

Dfmonhtratok, PrsJAB Vkteiiinahy Cm I n t LaiiokI' 

Commuiiii iitctl by Dr II R Mihni 
Rcccircd Manh 8, lO'W 
RT^MMAB^ 

1 ov<«(Rkr]i)biiOhiifll)ecn rrrordcd AHn-tiirringiitafiit tiiilixl Khiip bom anil 
reared at the Allalidad (iranteo Farm, Jahanm (Punjab), (or the firat tiini in Tnilin 

2 PriviouH Hork on tbia a(i«.ics haa bein rrfem'd loaml il foaiKnifdinal diatribuiion ami boat 
Iiat Kivei) 

In August, 1937, the author had an opportiinit} of exaniiiuiig two li\ ing pinworma 
which had been passed out m a speck of mucus b> i slicep siifTenng from diarrhoea, 
at Jahauui (Punjab) On examination both were found to be females of ^htjahmema 
(uift (Skrjabin, 1915) 

This parasite was first described by iSkrjnbiu^ (1015) from sheep m Turkestan 
His material also consisted of females , and, on this aceouut he was onl} able to 
assign his speeu s to the genus Oxymis I/iter, Wtusihtschagin*® (1926), who 
found both male and female of the species in a collcetiou of goat parasites from 
Turkestan, created tlie new genus Skrjahineum foi this parasite From the same 
locality its occurrence in a wild host ((laxella sul>gnttntosn) was reported b\ fhdml/* 
(1928) Outside Turkestan, Schwartz® (102() reported the oeiiimiue of this 
pinworm in goats iii the United States, Morgan® (1030) iii the British, and Bohm 
and Oebauer* (1930) in the Austrian goats Moiinig'' (1932) found this species m 
aiiotlier host, the South African Stcciibuck (R//«rp/</ce/o« fawipob is) Recently, it 
has been pointed out by Swales® (1934) that NAiyiifii/iri/iii imimb uhich bad been 
described from the Arctic Reindeer {Rangtfei laraiulus) by Skrjabin and 
Mizkewitseh® (1930), is identical to ftkijalnnemn oti'* Schwartr®, Morgan® and 
Monnig® as well ns the original Russian workers ha^o contributed to oni knowledge 
of the morphology of tins worm Hitherto this species has not been lecorded from 
India. 

The two female worms at the writer’s disposal were ciircfiilly studied and 
compared with the description of the Russian material ns quoted by Baylis* (1929), 
and of the BntUh specimens as described by Morgan® (1930) The writings of 

IS 
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Scliwnrty^ nnd of tho ongiiml RiiHiimn workers were, uiifortiinntely, not Available 
to the writer A reference to Table I will sliow that the Indian specimens of this 
species are in ooinformity with the liussittii and British specimens, in nil itut>ortAnt 
inoasurGinents The e^gs are, howe\ei, slighth Rinnller but the writer does not 
(onsuhr it to be n diffcioiKC of a speeihc nature 


TahU T 

(All nieasuroinents in nnlhnietei^) 



Riissinn spe* i- 
nitns (After 
Rl>hR, 

British speci- 
mens (After 
Morgan, 1930) 

Indian spccinioiis 

Length 

R8— 7 64 

637— 716 

600 

Breadlh, Milvai ugion 



034 

Breadth, head 


0 08 

0 084 

Excretoiy pore, distance fiom 
anterior end 


140 

148 

Nerve ring, distance from 
anterior end 


[ 

018 

Oesophagus total length 

0^)4—077 

0 00 

074 

Ocsoplmgial bulb dmmetei 

0 17—0 24 

OlO 

010 

Vnl\n, from head end ! 

20-224 

‘234 

ir» 

Jail 

0 0—1 17 

088 

088 

Lateral alae, end fioin ]iok- 
tenor extiemitj 


00 

048 

Eggs, length 

0 004-00'>7 

0008— 0U(>J 

0043— 00.00 

Eggs, hi eadth 

0 0'}2-0034 

003-0 OU 

0026— 0020 

Vagina, lengtli 


0 22 

j 0 25 


The one } ear old fat- tailed sheep (Biinj from which the material had 

been tolleoted belonged to tho Allahdad Grantee Farm, Jalmnin (Punjab) The 
animnl had been reared in a flock of sheep indigenous to tlic localit), which had not 
had any contact with imported or foreign sheep in the past It is therefore probable 
that the infection is of a long standing in the locality Indeed, it is possible that it 
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nmy lia\e been introduced into tins country from 1 iirktstnii, before the lunetcentli 
century when tiioro was miu li traffic in livestock between CVntnil Asm and India. 

It ^vlll bo seen that prcMously this parasite had not boon I'ccoi'ded from its 
i>po host (sheep) outside Till kcstaii Pei haps a i artful search in goats and wild 
ruiiiinnnts will io\(mI u wider distribution of this panisitc in Indian hosts Dinrrhun 
and other s\mptoms in the liost nninml at Jahnniu were, in tho opinion of the writer, 
too severe to be attribntiiblc to the pieseiiee of this parasite 

The author takes this op])ortnnit> of tcndennjr his grateful thanks to Khan 
Sahib Prof Knrani Ellahie, lh*ofesHor of Pnmmtolog>, Punjab Votennarj Ccdlege, 
I/ihore, for his c nconiagement and tin faeilitms kin(ll> pnnided b> him for work in 
his lnbomtor> 


Jfrft t eun v 

1 H«\lw H A A Manual of JUlmintho}ogy IH 

2 DOlim aiul Imiicr (1*' lO) Quultd by Mt nnty 

I MOnnig, H O (19Ti) 2Sih Hep 22tr \ at ml Anrni Ind ^ I H S 

Part J, 163 17J 

4 Morgan, D O WIO) Jour Helrntnib , 8 U), 09-70 
Hohuk,R FA tl928) Ann d$ Par 0,101-104 
0 Hehwartr, H O&iT) Iforlh /tmer. Pf/ , 8 ( 10), ‘>2 2 1 

7 Rlnjabln, K I (1916) Areh iretrrmarynek Hank 8 

8 hkrjabiji, K J unci Mi/kettit^h W (U^MhJJemt IterdrBlf ^ atk 88, 18:*— JSo 

*» Swales, W I' (10*14) Oanad Jour 627—0.11 

10 ^ oro)(1Us< M N (lOJfi) Oenveiea de t hint de Mrd *it , 2 (2) 



STUDTl<ai ON THK EFFECT OF ALCOHOL ON THE 
RESPIRATORY RATE OF LEAVES 


IL U N ClIATTFR.H 

Botany Dki’artmknt, Univebaity of AirAifABAo 
lloccivcd April 28,003B 

hUMMAU\ 

ExporiineiilP wero oorned on tilth n \ti\x to find out the efTeet of alcohol on rcspiralioii 
Dcflniti ixrccntogefl of cth)l nU^ohul >\cn. introduced into the h^vea of Eugenia jamManattho 
amounts of alcohol thus ciitcnnfc the leaves have been ascortaitiod The snhsequent accelaratlon of 
the respiratory rate has been compand with the amount of alcohol entering the leaves The nccelnra 
tion of upfipimtor^ rate produced by alcohol decreases with time The percentage of alcohol that 
brings about the maximum nccclnration of the respiratory rate at the lieginning doea not maintuiii 
the increased production of CArlxitidiozide but sulisequcntly brings about a raind fall On the other 
hand the alcohol solutions that produce milder stimulation ntainUiu the enhanced resjaratory rate 
for a much longer time; 

iNTltOntfTIOV 

It has been reported by vnnoiis authors tliat anncBtlictiea affect tlie respiratory 
rate of plants Thus Ewart* and Zalieskii'* nnion^: tlie earlier workers found 
that respiratory rate increase by the application of certain anaesthetics. According 
to Kostychev^* respiratory carbondioxide production is more accelarated by fer- 
mented sugar solutions than b^ iinformented ones Ir\ing'® and Thoday^* report 
that very small doses of chloroform onbaiice the respiratory rate of certain leaves 
More or less similar rcsnltsbaNe been reported by Thomas^’, Oiistnfson^r Irwin**, 
Haas®, Kay' \ Smith'® and Karlscn'* The general conclusion is that minute 
doses of certain nnicsthctics stimulate the production of respiratory carbondioxide 
while stronger doses retard it 

It must be noted however tli it m nil the investigations mcutioued above the 
anaesthetic has not been iii any way introduced into the plant inatenals worked 
with , they hn\e rather been exposed to an atmosphere contniinng the anacsthctis* 
mg material oi havi been floated on solutions of tlio anaesthetic By such niethoils 
some amount of the chemical substance employ (k 1 no doubt enters the plant 
matenal woikcd with , but there is no knowing as to how much has actually gone 
in A measure of the anaesthetiBing substance actually entering the plant is 
important rather thuutlic dose exteriorly applied The response due to an anaostlictio 
can be correlated with the amount of the annestlieiic that actually goes in when 
that amount is known In tliiB ]inper the effect of different doses of alcohol on 
respiration has been studied fiom this point of view 

1 $ 
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Maikkivt aNj> Kirifioo 

The plant mulcrml used in thw \voik were Icives of Ltujtntn ^amMann 
Mature leaves, as distintruishcd from the red young ones, were choncii for thu 

work M'^itli some cxpcuence and with the help of the position they o^i npy on trees 
it w»8 not difficult to distiiiguiiih these U IV cs from the older leaves Itww thus 
ensured that the leaves selected were more or less similar in igc 

The amount of carbondioxido given out has been t.ikon as a measure of 
respiration This was measured by variation in the strength of b irium h>droxide 
solution, contained in a senes of Pettenkotfer tabes, after the respirator) current had 
liassod through it Blackmiu’s air commutator was used to transfer the resiiiritory 
current from one tube to another after an interv il of three hours The thermostat 
bath in winch tlie loaf-thanibors were kept is niaint lined it *1‘) (' 'J his n ''thod of 
carbondioxido (stimation is quite well-known and lued not lx dcsciibtd in dctiil 
The alcohol usecl in this work was (th)l akohol (CIIiCll Oil, K Aicrck) 
and wherever in this pnpei the word alcohol is used, etlijl alcohol is nu int, Ulu 
differtnt percentages of alcohol were prepuied b> volume and all calculations have 
been done on the basis of fresh weight of leave h 

The actual procedure was as follows — Th(» Itivcs were brought and their 
lamina washed with potassium i>ennaiiganatc solution and stiniliscd distilled water , 
they were then kept for several hours After this they were di\ ided into two sets 
and the air rcHpiratioii of both the sets was rncasiirr d for 24 hours The first car- 
bondioxide estimation was rejected If there was any great difference in tlic respira- 
tory rate^ of the two sets, the leaves wen rejected and a fresh experiment started 
After this intei>al of time the loaves were taken out and one set was injected witli 
distilled water and the other with alcohol solution IJy weighing bcfoie and after 
the injection the weights of water or ah oliol entering the leaves by injection were 
determined The Icav^es were tlien replaced in the cluunbiis , the first carbondioxide 
estimation after injections was also rejeotexJ Injection was earned out by nuuiis of 
a vacuum pump The leaves were put in i large test tube hlled with water or alcohol 
solution as desired , the tube was connected with the pump which was tJien worked 
On releasing the pressure after some time the leaves got injected i\ith the liquid 
in which they were kept The time taken for injecting the leiivog and putting 
them back again was never more than 10 niiimtcs The end of 24 hours may there- 
fore be taken as the zero hour of alcohol or water injection 

P]\rMUMEXTAL RbhtlTH VM) OIHCLSSIOV 

The expcnmcntal results are summarised in the table I In the case of water- 
injected leaves, instead of cnrboiidioxidc values in separate eases, an a>crage 
respiratory rate has been given in the table for coinpaiison C^irbondioxide values 
of air respiration have also been given to indicate the respiratory rate lu air 
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It mil bo seen from tnblo I that rcsptnitiuii of okcisciI leaves begins it a 
high rate nnd then fulls with time before hnding u more or ksa lo\i\ plmse Tlu 
level phase of respiration after the FhII scorns to be the norninl rcspinitoi > i itc in dark- 
ness It IS ueiessnry to examine the rate of rcspirtition as iiilicUd b) the injection of 
disUlUd water and to compare it with tlu normal ispiiatory riU' in nir,witer- 

injected kaveswere used to serve as controls for iilcoliol-iiijtcled k ivcs the 

relation between the respiratory rite of nlcohol-injccUd k ivos md tint ol uninjett- 
ed ones can therefore bo easily deduced It must be mentioned here th it bj injec- 
tion the intercellular spaces of leaves got hlled up witli either witei or alcohol- 
solution And, till tlu hfyud in the intercellular spates diihised into the idjouung 
cells, the Itav'ON une subjected, pirtl> nt lei*'t, to a coiidituui of leiii[)orai> 
niiaerobiOHis As has been said, about three hours wen allowed to piss bofoic any 
carbondioxidc Gstiinatiou iftcr injeelious wis taken into accoiiiit It was ashumed 
that this interval of tunc was sniheunt to restore the aenibic condition but no 
attempt was made to deUrniinc whether this w is actually so It is also evident from 
Table I tliat water-injection causes a tenip()«ir> rise iii the n'spiratory rate of leaves 

the rate being not only higher than the leave s respiring luninill) in air but 

also higher than that before mjcctioii btveiil authors^ ha\c reiiorted 
iiiercnHe iii rcspiratoiy rate by water The iiici eased rate of eaibondioxide 
production may also b( paitly due to the iiuvitiblc handling of loaves during the 
injoetioii ojiemtinns, Godwin®, Audiis^ iiid Uiiktr® ripoit tint hiridling uts 
ns a mechanical stimulns in iiicrcising resjui itioii Wlntevoi be the cause 
or causes, increased carboiidioxidi production of wnter-injc tic d Icives does not 
continue foi a long tunc and, after 0-0 houis iftcr iiijceiion, the respiration of 
injected and uninjccted lewes ai< iliuost equil Jt will not be u mistake therefore 
if, except for this short-lived stimulation, the respiratory rate of water-injectcd 
leaves be taken to represent the noiniil r ito of respiration in nir 

Amount of nlroltol intrnug tlu Imtcs — Ikfon eonsuknngthe oftcct of dcohol 
on respiration it will bendv mtageous to know what imoiint of alcohol i nU i tin leaves 
by injection The amount of alcohol solution entenng tlu leavis by injection w is 
found out in each case is has alieady bicii sud fixmi this tiu' W( ight of alcohol 
introduced has been call iilated as shown iiiTiblell Vquous solutions of alcohol 
were injected into tin leaves Ihc ref oie in order to get the true cflcct of alcohol 
on respiration inj stimulation brought about by water alone will have to be 
subtracted from the combined cticct of the two In this (juincction it will be 
recalled that the i fleet of wnter-injection, although aftci wards quite negligible, 
IS most felt about Mi hours after injeition, a jicnod whuh 8> iichroinses with 
the maximum stimulation produced b> alcohol solution The data obtained b> 
subtracting the effect of vvutir in each cxpeiimont Ironi the ilfcct of aijiious 
solution of alcohol (3-1} hours after injection) have been plotted in Fig 1 in which 
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the ninountfi of alcohol ciiteritiK the leaves have also been shown It will be seen 
that cnrbondioxide production is accelnmted by alcohol nocuninlation vathm the 
leaves upto a certain extent and then fulls with the increasinic concentration and 
amount of alcohol Tiie nmxinium output obtained seems to be somewhere near 
10^ alcohol 


Table Jl 


1 

Alcohol injected ' 

1 

Mgms of nicohol entering tiie leaves 

1 (per 10 gras ) 

td/a 

653 

3% 

<148 

4% 

1011 

5% 

1303 

a/. 

151b 

8% 

189 6 

10% 

‘237 0 

J5% 

367 3 



Vig 1 

The amoant of alcohol entering the leaves and the tespiiatory late 
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It mil be easy to compare the rates as affected b> different percentsKoe of 
alcohol and water with timt of normal air respiration if all the relevant data could be 
plotted on a single graph and the Rmoothed-out curves siiowii This has been done m 
Fig 2 m which the curves represent the respiratory rate in uir nnd respiratory rates 
ns affected by water nnd different alcohol solutions Tin stimnlation of enrbon- 
dioxide |u*odnctiou, as is evident from tins figure, incrcnsos with incrcssing con- 
centration of nicohol Hie accelamtiou however dies down with tune nnd after 
24 hours after injection the cnrboudioxide iiroduction falls to about the noriiml 
level 



Hours 


2 

The ifn>( t of (liflfirent p(>r(*ontH^B of nloohol 

The carbondioxido oetimatinns were begun after several hours after injection, 
when, it is natural to suppose, tiie elTcct of the stimulus supplied Ind probably been 
to some extent modified lint theoretical values at zero hour of injection can bo 
obtained by extrupointing the curves to the time when normal carbondioxido 
measurement was stopped ns shown in Fig 2 In Table TIT are given tlie expen* 
jncotal nnd derived carbondioxido values ns enhanced by water-iujcction 
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Tabte in 



OOf of nem(in]|) 

1 CO, of leaves 

CO, of leaves 

Accelaratiott by 
water 

respinoff lea\ es 
(Exp) 

injected with wati r 
(Mp ) 

injei ted with water 
(derived) 

Expen- 1 
mental i 
value j 

1 

1 Dei ived 
value 

1*) ingms 

• 17 2 mgtns. 

213 mgms 

mnn 

G 3 nignis 


In Table TV are coiiipniod the fii’st oarbomlioxidc valnea after nlcohol injec- 
tions witli those obtained b> ovirapolatiiig the ciiiycr The derived values in the 
iniijonty of cases, st uid iniicli IurIhi thin those oxpeninenfally obtained, suggostinf; 
that the neeel iration would firobablv be much r at zero hour after the applica- 

tion of the stiiniiliiM 


Table JV 


Alcohol 

( O, of Icnv es 

CO, of loaves 
inj< ( ti d witli 

CO, of leaves 
injected with 

C*0» of leaves 
injected witli 

Accelamtion by 
alcohol 

injoetf d v\ itb 
vviitor (Exp ) 



injected 

Alcohol 
(Il.’CI) ) 

v\ater 

(derived) 

alcohol 

(derived) 

Deiived 

value 

^/o 

17 2 mcinH 

18 2 mgma 

213mgms 

22 S mgmfl 

1 mgms 

1 mgms 

3% 

1 , 

I 1^12 


283 

i » 

2 

4% 


: iM s 

♦» »» 

250 

26 „ 

37 „ 

5% 

^ »t ,, 



27 b 

34 „ 

68 „ 

6% 

*1 

20 2 

>« 

285 

30 „ 

7 2 „ 

8% I 

f* M 

214 „ 

1 

307 

4 2 „ 

04 „ 

10% 1 

» H 

1 

230 „ 

>» *1 

34 5 „ 

58 „ 

132 „ 


The jicroontage increase of i arbondioxide production over the normal respirator) 


rate (Table III) bj diffenuit concentrations of alcohol is shown in Table V“tho 
percentages .ue calculated both fioin increases expennun tall) obtained as well ns 
from data deii\ed b) extrapohtnig the curxes 


Table V 


1 

Alcohol 1 

injec ted 

IVicentago inoroaBc obtained 
exponinentall) 

Porcentago incroaso 
from deriv ikI 
value 

2/ 

67 

67 

3% 

133 

133 

4% 

17 3 

247 

6% 

22 7 

420 

6% 

200 

480 

8% j 

28 0 

62*7 


320 

8^0 , 
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Dumlton of tnermsed cai bondtoxuie prodncitofi —It hns been pointed 'out 
that the stuniilntioii of enrbon dioxide production by alcohol decreases with 
time This has been c1cnrl> shown iii Fig 3 If tlie interval of tune 
between 3-0 after injection is taken into considcmtion the stimulation of 
cnrbondioxide production increascR us tlio c oncontmtion of alcohol incrcnRCR, the 
highest stiinnlahon being obtained with a 10 % solution Rut if n period of time 
twelve hours after injection ia considered it is evident that the enrstwhilo nmxiinimi 
stiniiilArit hns yielded place to a solution contnining a lesser amount of iileoliol, 
the grentest stiinulntion being obtained with p<reent alcohol After 24 hours 
after injection the stiniulation altnost dies down rims the maximum stimulant 
(10% alcohol) at the beginning does not maintain the increased piodiietioii of < arbon- 
dioxide but nctnnll> brings about a rapid fall, reducing the carbondioxide produc- 
tion to a level below that of the normal nir respiration On the other Innd milder 
percentages of alcohol maintain eninneed rate for a much longer time 



Fffoct of alcohol as relatwl to time 


Total cathondtoxiflr p^odiwtfmi nffn wjechon —The jienod during which 
carbondioxido was estimated after injection was 24 hours. The total amount 
of carbondioxido evolved during this time by aloohol-injected leaves may bo 
compared with the average carbondioxido value of leaves injected with water 
and that of the uninjected lojives during the same time {Fig 4) Li this way the 
alcohol solution that produces the highest stinuilntion when n larger interval of 
tune IS considered is found to be a 5 percent one 

Jtatio of total cm bowhoxide prodvcfwii — The respiratory rates of two sets of 
leaves — the expenuicntal and the control — were never exactly the same even before 
injection, although they were very nenrl> equal Therefore if the ratios of cnrbondi- 
oxtde values of the two sets are known before and after the stimulus is applied then 
the comparison of the two ratios obtained will be the most correct inctliod of appraising 
the effects of Ute stimulus Tbo control throughout has been water-injectcd leaves 
F 4 
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and the very temporary nature of the stimulation produced by water injeollon has 
already been alluded to , after this brief rue the respiratory rate returns to that 



Fig 4 

Total rarbondioxtde production for 24 honra 

normally obtaining in air If the carbondioxide values before and after the water 
injection be plotted on a graph and the two portions of tlie curve (before and after 
the injection) be joined so as to neglect the temporary nse, the possible carbondi- 
oxide values for normal air respiration may be obtained The carbondioxide values 
of air respiration for the equivalent period during which those of difierent alcohol- 
injected leaves were estimated are thus obtained and the ratio can therefore be 
calculated Tlie ratios before and after the injections are compared in table VI 


Table T7 


Alcohol 

injected 

Before injection 

After injection 

t’0| values 
of control 
sot in 
mgms 

CO « values 
of expen- 
inentm set 
in mgms 

Ratio 
COt ex- 
pcnmeutal 

COt values 
of control 
set in 
mgms 

COt values 
of alcohol 
set in 
mgms 

Ratio 

COt alcohol 

COt con- 
trol 

COt control 

2% 

1310 

1828 

100 

1187 

1271 

107 

3% 

1851 

1342 

99 

1181 

136*8 

115 

4% 

185 5 

1386 

99 


1392 

114 

6% 

1818 

1886 

102 

1288 

147*9 

119 

6% 

1842 

ISb'O 

101 

1218 


118 

8% 

1810 


101 


187 4 

1*18 

10% 


1809 

99 

1215 

1219 

1*00 

16% 

132*9 


*99 

123’2 

786 

64 

20% 

1345 

136 2 

*99 

128*5 

541 

44 

25 % 

183'2 

1335 

1*00 

1254 

490 

*39 







EPFKCT OP AT COHOI, OK nE8PIKATORY RATE 


27 


If tho different values of | nbovo table be reduced to 

unity and the corrcspondinR values of be cnltiilntcHl then nil the values 


. C Ot alcohol 
COi control 
in this way 


become directl> coinpnmble 


Table VII gives the values calcnlntod 


'Iftlde VII 



Before injection 

1 After injection 

Alcohol injected 

COf expenimentnl^ 

COj control 

('Oj alcohol 

I (*Ot control 

1 


1 

1 

1 107 

i 

3% 

1 

1 11b 

1 

4 % 

1 

115 

'■) % 

1 

I 117 

b% i 

1 

117 

8% 

J 

1 

1 12 

10 7 

1 

101 

15% 

1 

b5 

20% 

1 

44 

26 % 

1 

1 


Thus the effect of alcohol in stiinulnting the respiratory rate inerensos with 
the increasing concentration of alcohol, the limit being reached with 5%-b% solu- 
tions. Beyond these strengths tho production of carbondioxide progressive!} 
diminishes witli increasing c«iiceiitmtioii of alcohol, the output falling with more 
concentrated solutions to lower than that of tlio normal respiration 

The agthor tbpnks Dr. S Randan for helpful cnticism apd guidance, 
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COLOl R AND CIIEMK^AL CONSTITrilON THE ORGANIC AND 
INORGANIC^ 8\i;rs OF DIPHKN YLVIOLURIC ACID 

Ry Satya Prakahu and SiKiTrBRrftHA\ Durr, 

(^HKMKAt LAB0RAT0B\ Al I ARARAD UnIN PKRIl \ AM\HA1I\I> 

Re«*i\od Miuxh 20 ITO 

SUMMAR\ 

1 A liutfe numbc^r of or^uic nnd inorganic ftiUta of diphonylviolunc acid liavo l)ccii 
prepared for tho flnt time witli a viea to Hiid ont a rolationnhip between the culonr nnd chrmuml 
< oiiRtitution of thcBo AubHinneoH 

2 Diphcii>lvio1unc iieid hnn got a pule yellow colour in tho Holid fltntc mid iii Roliition in 
non hydroxylic organic BoIvcnU, but on troal incut witli alkahcH or organic ImHCfi intcnw viok*t 
I'oloared salts arc formed, tho thiUHition of colour being suffRiintly sharp and strong for it to m f 
US a flrst-cliusa indicator 

3 The change of colour from pile yellow to puri>lo has lioen shown to )jc due to a fundamental 
change in tho constitution of the molecule from an oximino-kctonic to auitroflO>cnohc stnicture. 

4 Tho above change in the molecular structure results iii the production of n nitroso group 
which, from tlic point of view of the theory of colour on tho basis of molecular strain advanced by 
one of the pmont autliom, has been shown to be the most highly strained amongst the ihromophoru 
groups and oonsoquently produces the greatest intensity of colour 

5 The loading effoit of the phenyl groups on violunc acid has !)clu discussed and it has licen 
shown that the offbet is quite m aoxKiTdance with the tlioory of colour already advanced b} Dutt 

0 From a study of the absorption spectra and h>droly8is constants of tho organic and inorgaiiu 
salts of diphenylnolimc oud it has Ikcii shown that the intensity of the colour of tho salts is 
roughly proportional to the strength of tho basic character of the base, as previously found iii tlio ease 
of the corresponding salts of violunc acid in this laboratory although no hard and fast mathe- 
matical relatHMislup could be establish«i betwetn tho two sets of properties 

7 Farther study of the abson>tion spectra of the salts of newly synthesised higher 
homolognefl and analogues of diphenylviolurio acid indicates that the effect of additioiiid load on 
tho molecule of the sobstanoe is to produce still further intensifleatSon of colour as cxpoctcu from 
thewetioal considecmtioni, the greatest effect being produced by subsutuonis iii the meta posit4oii 
doedy followed by those In the para. 

J9 
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Violuno ftcid and its highly coloured organic andmoi-ginic salts have been 
iii\cHtigatc'd, fi*om the point of view of colour with relation to chemical constitution, 
by a large number of workers, but the corresponding diphenylviolurates and also 
the di-ineta-tolyl and di-para-tolyl derivatives have been quite unknown The 
authors have prepared these deiivatuis for the first time and the present paper is 
an outooino of their attempt to study the phenomenon of coloiii in these compounds 
with relation to their chcitiical constitution 

llant/sch, Meek and W itsoii ha\e shown that the colour of alkali violurutos 
in aqueous solution is mainly due to the dissociation of these substances into ions 
ind the stronger the base, the greater is the colour development The present 
inNOstigationB on diphonjKioluiates re\onl that although in general the previous 
conclusion of the fonner woikers, namely, the stronger the base, the greater tlio 
absorption, still holds m the ease of the salts of diphenylviolmic acid, yet there 
18 no definite mathematical relationship between ubsor])tion spectra and dissociation 
constants of these compounds it has also been found out in the present iu\estiga- 
tioiis that the highly coloured nature of diphciiylMolurates is not due to their 
dissociation into ions, for the salts deiived from Ncry weak organic bases like 
anilmo, pjridinc, etc , some of whuh have the basicit> constants of the order 10 ’”, 
mentioned in the present pa])cr, have colours no less intense than the alkali 
diphenjlvioliimtes whose dissociation constants arc fairly high, being of the order 
1203x10’*— 201)5x10-- 

Having ruled out the possibility of molecular ionisation, we find tint the 
most reasonable explanation of the origin of colour in these compounds lies in a 
change of constitution of the molecule When the faint pink colour of tlie nqucnim 
solution of diphenylvioluric acid changes to intense ciimson ou the addition of 
alkali, there must take place a fundaiuental change in the constitution of tlio 
molecule, whereby it is rendeied capable of far greatei absorption of energy due to 
a more strained molecular structme From tlio point of view of the theorj of 
colour on the basis of molecular strain, advanced by Dutt, ^ ^ the nltomtions of 
the molecular f onhgnrations of diphenjlviolunc acid may bo leputsentcd as 
follows — 




CiH,— N C^l 

C«NOH— C-N«0 

CiHfc— ^ 


► a 


,- 3 n 


yN-0. 
I — d(OH) 



:c-N«o 


(1) (2) (J) (4) 

Out of these coHfiRiirationa, structures Nos (2), (3), and (4) contain tiio 
highly strained N=0 group which is capable of very intense colour production, 
and 111 view of the deep colour of diphenylviolurates, it is but natural to conclude 
that this group must be present m these substances. This point of view 
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18 r^udered more feasible whiu we consider that in di]>licDylviolunc acid the 
three carbon>] G;roup8 that are present, are m reality the rcHidues of carboxyl 
groups, and being m this way quite devoid of kctonic jiroperties, possess 
dormant acidic functions, which arc clearly inninfebtcd whenever there are 
chances of salt formation with bases B> the migration of a labile hydrogen atom, 
the (CO) group becomes a highly acidic group — C(OH), perfectly capable of 
forming wcll^efiued salts as can be Hecn iii the case of isutin and ludoxy I 




Nil NH 


Indoxy 1 


In the ibove conhgui itions, the change of htiuctiirc (1) into struct me (4) is 
somewhat far fetched in view of the fact that an easier path is available for the 
hydrogen atom of the isonitroso group to enohsc with an adjacent carbonyl group 
Ucticc under such circumstances the interesting colour plunomenon displayed by 
dipheiiylviolunc acid and its salts IS positively due to the migration of a hydrogen 
atom to the (CO) group with the production of a stronger acid than could be expected 
from the oximino-kctonic conhguration 


UH* 


/ 


CO 


C,H,- 


\. 






Oxiinino-kctonic form 
(Weak ncid hko all oxunct*) 


Nitroso-cnolic form (Strong acid 
like illoxantin and imc acid) 


The function of the Halt formation w to fix up the nitroao ciiolic form, so ns to 
end the tautoiuenc migration of the h} drogen atom from one position to another and 
once the iiitroso structure is fixed up by the heavy load of the substituent metal or 
organic basic radical, the tnutomcnsm from one form to the other is not so easy and 
the more highly strained nitroso-enolic form becomes stable and the full colour that 
is expected from such a highly strained coiifiguratiou, as the nitroso group, becomes 
cstablislied 

We can arrive at this conclusion by a dififereiit route too According to the 
theory of colour on the basis of molecular strain ” the combination of a nitrogen with 
an oxygen atom by double bonds is the most highly strained system, for the distortion 
suffered by the valencies from tlic theoretical considerations is three huiidi'cd 
degrees, which is fur in excess of all other combinations (Dutt* ”) The idea 
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ifl clearly iniiinfostod in the remarkable instability of the compounds containioff this 
ffroupuift This hif(h strain in the molecule of nitroso compounds produces intense 
coloui and makes them highly absorptive, c g , 


1 

Nitrohoben/one 

\bKori>tion inaxinm 

7300 

Colour 

Green 

1 

P-nitrosotoluene 

7300 


1 

Nitrosonicsitylcnc 

7320 

»» 

1 

T-nitroflobutaiio 

0300 

Blue 

5 

P-nitrosoisopropj lacetoiie 

0000 

n 


Dug to a high Htraiii 111 tlio molecule most of the mtioso compounds tend to 
lost their internal strain by the formation of bimoleculur compounds, 



But if the nitroso group IS iii a molecule containing a labile b>drogen atom, 
it automatically rearranges itself to a couditioii of less stnuii by the formation of 
iHonitroso or oximiiio compounds, thus nitroso phenol changes into benzoqumone- 
mono-oximo 



It IS on account of this change into the less btraiiicd OJiiiuuio com- 
)H>und that most of the nitroso coniimunds do not exhibit the deep colours 
that are theoretiuilly expected from them This apiilies equally well to the 
purUtular case of diphcn>lviolunc acid, which in the solid state w imlo yellow 
But under siiccial circumstances it is possible sometimes to stabilise the 
nitroso-eiiohc form and in such cases the nitroso group exhibits its true nature 
and gives dee]) coloured salts. When diphenyU lolunc acid is treated ¥ath alkali, 
the murkcil h>drogeti** atom of the tHutoinenc nitroso-enohc form is replaced 



Oxinniio-ketonio form Nitroso-eiioho form 

(Pale yellow) (Violet) 
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by a metal and the nitroso form uete Rtabihscd Tho renult of all this is that the 
nitroeo group (— N=0) gets a chance to show its true nature and consc<iuently 
highly coloured salts arc i>roduccd 

Diphenyl violurtc acid also possesses another interest from a ditlorcnt staud- 
]K>int, and that is from the point of view of loading of the violuiic icid niulecult witli 
two phenyl groups and the consequent effect on colours It is a well kno^^n 
phenomena in colour chemistry that quite a lai'gc uuinbor of d)cstuffs become 
intensified in colour whenever their molecules are loaded 

The expectation from the theoretical point of view has been realised iii the case 
of salts derived from diphcn}! viol uric acid and the> arc in fact touiid to have 
higher absorption maxima than the corresponding salts of violuric acid Witli still 
further substitutions, fe, salts obtained from incta and pun-di-tolil violuric acid, 
which have been s} iithcsiscd for the hrst tune b> the authors show even gieiUi 
intensity of colour and higher absorption maxima than coiros^iondiug deriv itiv os 
of diphenyl viol line acid, as can be seen from the following tiiblc — 


TitbU I 


Name of the salt 

Violiiru 

acid 

1 1 

' l)ipheu> 1 
violunc 
acid 

I 

' 1 

I)i-P-Toljl ! 
Violuric 
icid 

Di-M-loljl 

violuiic 

ucid 

1 

Vinmonuiin 

')83J K 

i i845 V 

•ibOO A 

1 5880 A 

} 

Methylaimnc 

m2 , 

WIO „ 

')b3'» , 

^ 5880 „ 

6 

Trimctliylamine 

■•712 „ 

„ 1 

)807 


4 

Kthylamine 

5fa'll „ 

■|785 , ! 

'•80) „ 

5845 „ 

5 

DiethylHininc 

56‘tO „ 

587') „ 

)‘K)0 „ 


6 

Pyridine 

W)2 „ 

’)S2-> „ 

„ 

5805 „ 

7 

Picohno 

50'»2 „ 

5810 „ 

5880 „ 

5848 „ 


The alkaloidal salts of diphenylviolunc acid show optical rotation like the 
corresponding compounds of its homologito violuric acid, although tlicir rotation 
is alwa>fl less than that of the parent alkaloid It will be interesting to consider 
this fall in rotation from the iioiiit of vieW of Stewnrt^s* work Stewart'* has 
shown that greater the unsaturation of a substance, the greater will be its optical 
rotation and higher its absorption maxima 

It is a well known fact tliat the group— CH=N— present in most of the 
alkaloids is a negative unsaturated group and as soon os the salt formation takes 
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t)hu(, tli( two Intent vnlcncieb of the nitrofi^en atom become manifeBted, the structure 
bccojuini{ iih folloAVs — 




IleiHo if this iinsntiiration ih removed after Rilt formation the roHuItiuK salt 
should luuc a l(ss rotntoi^ power thin the ori^iiinl alkaloid This has actually 
bcdi <»bsci\cd 111 tlic pioscnt m\ ( stigaiious In some casts the lotation luvs 
dtcicased so much tli it c\cn optual inversion has taken place 


K\i j*iUMENr\r 

The di|)hen>llmibitunc acid, rccpiired for the piepimtion of diphenyl- 
violuric acid, was prepaicd b> the mcJiod devised b> Whitelej * The diphenyl- 
b ubi tunc acid was tin n changed into its igomtroso derivatives by dissolving it in 
a dilute solution of uiustic soda in which a slight excess of sodium nitrite had 
alrcad> been dissolved and adding this solution to ice-cold dilute Rulphuric aciiL 
The 3 ollow amorphous mass obtained was filtered, dried and crystallised from a 
mixture of benzene and alcohol (7 1) 

The cr>stil8 obtained from pure benzene have been found to bo isomorphous 
with those of violuric acid Lii the pure state dipheu} Ivioluric acid melts with 
df composition it 228*C It is soUible in ether, alcohol and hot benzene In hot water 
it dissolves giMiig i faint pink Holutioii With copper sulphate solution it gives 
u }ellowish brown colour and with feme chloride a deoj) red solution is produced 
The prepiratiou of di-pura-tol}! and di-nuta-tobi birbituric acid was cflected 
precisely in the sanio v\ay as of diphciolbarbitiiiic acid The latter melts at 
247*C and is white in appearance It is spaiiiigl} soluble iii water and m alcohol 
and complctel) soluble in chlorofoim and alkahes it also gives a rod coloration 
with feme chloride Ihc former melts at 157*C and is sparingly soluble iii cold 
alcohol Jt giies a pale >cllow piccipitato with silver nitrate solution, the 
precipitate being soluble in ammonin and reappears on adding dilute nitric acid 

The di-pura-tol>l and di-uicta-tol} I derivatives of violunc acid were prepared 
ui exactly the «ime wa> as the diphenyl derivative Both these derivatives are 
yellow in colour and dissoKo in alcohol, c'tber and benzene, but are completely 
insoluble in water The alcoholic solution decomposes when it is boiled for some 
time The di-meta-tol>l viohmc acid melts with decoin|>osiiion at 184*C but the 
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D-m-t 8Und» for Di mcta-tolylviolurate and D-p-t stands for Di para-tolvlviolaratc. 
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corresponding pnra compound does not jpvo n sharp iiicltin^ (>oiiit and boK^ns to 
decompose at 160*C 

All these violunc acids combine with inor^^unic ilkalu s and ori'niuc bases jifivin^ 
highly coloured salts the shades ol which vary from onnge and ]>ink to violet and 
finally deep blue All these salts wore prepared by mixing crpninoh culur (|iiantities of 
the acid and the base in alcoholu solution Some of the salts siparatod out in the 
form of crystalline precipitates, on allowing the mixtiiio of sokitioiiH to stand for 
a few minutes, while in other cases the solution w is evaporated to dr} ness aud 
the salt obtained was rtcr}8talli/ed Sometimes, sfiecially in the case of alkaloid 
salts, a sticky mass was obtained on cxaporation "lliih was repeatoilly nibbed 
with ether till the Avholo 111 tss broke down tea hue amondions poA\dci which was 
filtered washed with ether and dried 

All these salts are insoluble in bciucm but dissoKc m watci or alcohol 
giving violet solutions Some of them give a sharp melting ]Kunt while others 
decompose without melting Most of them are stable under ordinary atmosphenc 
conditions but some of them specially the alkaloidal salts become sticky ou cxposuic 
to moisture and then decom|K>sc 

Uhc main properties of the individual silts arc given in tabular foim in 
Tables II, III and IV (pp JVdO, J7, 38) 
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(-VI sue s()i)\ vNi) vLrniiM krom hVLi and Bvr:x[TE 

( \ \IA\ PllOi LSS OF M VM'KVCJ 1. llh) 

\U V S ^ P VviWIlNf^ XNP 11 S SllAKMX 

nl lUCHNOMH^ HlM>t LviVKIWIU BrNAKL'^ 

UufcAtvcxl Vpnl 21 10)8 

llii luniH 111 a iit\\ uicthoil for llii prudui lion of pure ulumiim hiiU kcmIu 

‘?lUJtiii^ fruin lauiMk, mtiinioii halt aiidhiir^t-OH, tiip laat ( an however la umxI c)i liuill} uvu and 
o\cr a^aiii 1 )} hcutiiif, baiixiU and bai)t4» a Holnhlc bnniini uliiiniimto la nhlaincil with tin 
e\olulion of hO, On aululion and liydrolyam of thm barium a) nmiiiat^ pure alnmiim and baniini 
l)\droxuU are obluinid, uhili th< gan w \mA in oonvcrlSnp: eonimon huU to Hoiliuni anlphite 
\ hnal i-uulion bi'tweH.n tlu l>armm U\ilroxtde and the acniium Hulphate reniultK in the prodm lion of 
Knluiin h>droxut( uiul lianuni sulphate whah can lie nmxl over a^iiii 

riio ininufiutun of ciustic* Hodn smla-aHli and sulphuiic itid coiiHtitiiier* 
tifi bitkbone of the heavy olumunl industry as a whole but till now India is 
dependent on foreign countries for the supply of ill these clieraicals 

In this country tor the development of the electrolytic manufacture of NaOll, 
luealiticM where veiy cheap power is avail ible arc ilinost as rare as are the occur- 
i< nets of siilphui f itliir ficc or as pyrites, so iiecessaiy for making bulphiinc acid 
ft was with the int( ntioii of developing a pi net ss smtabh to Indian ntw inaicriuls 
and conditions that this work was imdciUkcn 

Lunge die eelcbiiiUd ehcmUHl Uehnologist, hies reiniikcd that sodium sulpluite 
would be a very suitable (ornpound foi inuiiifaetiiring N lOH by e uisticuatioii 
with Bi (()H)| proMded this compound could be manufactured sufhcicntly cheap 
111 the light of this rem Ilk tlie possibility of utili/ing barytes (BabOj), useless at 
piesent, which otciirs ibniidiiitK in xanous pi ices in indm for the purpose of 
niaking this Ba (OH), and using tin SO, sit tiw in llsSOi manufacture was 
(oiiMidircHl \fter iincsUgitioii the method found most suitcKl to this end was the 
coiixcrsion ot BaSO* first into ban urn aliiimnate and then the hydrolysis of this 
hitter eouiiKinnd into Ba(OH), and VKOID^ 

The essential steps m the process could be outlined as below 
1 Production of banum ahiminaie from bauxite and bary'tes at a temperature 
of 1J00*C-14W(' 

2 B 11 SO 4 + J \l,Oj = 2 BaO U,0j + 2 b 0 y + 0 , 

JO 
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J HydroIyniH of wutcr soluble bunmn uliimui itc 
BtiO AI ,() j + 411 ,0 = lU(OlI), + 2 AKOH) 

3 Foriniitiori of NaiSOi fioni ^aCl and SO* 

2NaCl + SO, + O, + H,0 =Na,S04 + JIIC'I 

4 Caustici/Jition of NnjSOi b} Ha (OIDg 

Na,SO* + BH(OH), =J3aS04 + 2Na (OH) 

Tlu i*cactionH involved iti the last two ‘^tojw iie well known Step No J 
^ivcH the eonvcrsion of common salt int(» Hodiiini sniphiite b> tlu iction of 80,1 
oxjjcen and steam accoi^dm^ to Harj^reives pi*0(<s8 1101 formed, is rocovei*ed as 

i valuable bv -product, which (an also be ustd with p>roIu8itc to give chlonnc 
and bleaching powder The SO, utili/ed in this reaction can also b< used to 
in inufactiirc frc( FlfSO^ if this acid is desired 

In step No 4 a JU solution of NajSOa in watu is treated with i dilute 
Ita(OH), Holutioii The insoluble liaSOj formed is unnuNliatel) throvMi doi\n 
leaving Na(OH) in solution Ihis solution can be eoneentmted to uive fused 
NaOH, or puriticd CO,, obtained from the caleiiiatioii of bar> tes-b luxite mixtures 
111 which tins ^ns is inv inably evoKed dm to combustion of large amounts of 
ui*gaiiie matter prose lit in the bauxite, can be passed through it and NaOIf ceiii- 
verted to Na,CC)j Jlie precipitated HaSO* can be used, agaiuiii the hrststep 
oi for tlie manufacture of hthophone requited in paints 

Thus the success of tlic process depends on stops Nos 1 mid 2 which have 
therefore been the subject of investigation in this pnpei I*articiilur stress has 
been laid on the first part, because regarding the second it is already known that 
of tlie mail) ainininates of barium sevei il hive i good solubilitj in water and aic 
of 111 iinstabh nature llceently the problem of making barium aluiuinate* from 
b irytes and bauxite was mvestigntod by Hooth ind Ward,* who entieally examined 
the work of eirlier investigators uid Imvi drawn sonic mterestuig eouclusions 
However, the‘> have confined thoir published results to i study of solutions of 
banuin ahimiimtes in hjdrochlorie acid otil> For the present process the formation 
of Ha (OH), IS vital for the canstici/ation and in acid solutions this is not possible 
us BaCI, IS formed Thus the whole work had to be reiKsated and coiiditionH 
determined for the tormation of the inaxiniuin amount of water soluble baniim 
aliuninatc 

The experimental procedure followed was as given below — 

Various mixtures of barjtes ind bauxite were made such that the proportions 
of BaO and Al,0$ in them corresixinded ver> nearly to the relative proixirtions of 
these oxides in the ditTcrent known as well as some hypotbotical banum aluminates 
These mixtures were then intimatcl) ground iii a ball mill to a grain sise of 
below 200 nicslt and dried Home prclimiiinry expenments with coarser powders 
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had Mhown that the ffuene^H of the had a profound effect on the protpr^ 

of the ri action 

W ci^rhed amounts of the dried imxturea were placed in fire-clay crucibles 
ind heated in a niufHe funmee up to tcmperatuies muBini^ from 1150*C to 1450*C 
In all the experiments tiio tempcratuie was raised with the crucibles lu&ide the 
muffle, and when the finnl tompomturc required was attained, it was maintained 
at that level for a nieuHuroil period of time Then the muffle was allowed to 
lool, the mixtures taken out of the crucibles and the loss in weight determined 
In Home cases when firing temperature was high the mass was sintered bard and 
Htiicktothc cruublc so that weighing was not accurate and measurements only 
to the nearest tenth of a gram were made The mixtures were then powdered 

hrom each of them an accumtcly weighed amount was taken and repeatedly 
leached with hot water (the HoIiibilit> of barium aliiminatc being more m hot than 
(old water) till the flltmte coming out was free from barium The barium and 
alumina iti the filtrate were estimated Residue from the water leaching was 
further subjected to washing with H (1 till all acid boluble portion went into the 
filtrate which was annl> 8 ed just as in the case of water extract Thu solution m 
IICI was adopted with a view to the refO\ery of large amounts of banum and 
alumina which did not dissolve in water From this solution BaSOi could be 
recovered by treating with IJ 18 O 4 formed from 80| produced in calcination 
while alumina could be crystallised out as sulphate or alum 

Analysu of bar>tcs and bauxite used were as follows — 


liiirj tes from Alwm Suite 
RHjiiutiina 

810, 

Al, 0 ^ 

Ft^Oi 

BaO 

CaO 

MgO 

SO» 

282% 
028% 
on % 

02*78% 

004% 

070% 

3238% 


Total 

10007 % 

Bauxite from Katni 

SiO, 

185% 


Al.Oa 

5883% 


FciOa . 

350% 


TiO, 

611 % 


CaO 1 



MroI 

008% 

I^ss on Ignition 

... 2880% 


Total 

0917% 
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In analyses recorded in Tables I and II only barium was estimated because 
it was considered that the mixtures which (i^ave good yields of barium provided large 
production of soluble nliiminates and were best suited for siibaeqiient trials 


Table I 

Temperature ll'iO’C Time of heating 4 hours 


No 

Hatio of barj tea 
to bauxite 

Approximate 

niolecnlnr 

formula 

1 

2 

100 

100 

40 

50 

■ 

2Ba() AljOtt 

3 

100 

60 

■ 


4 

100 

70 

■ 

Bat) Al,Oj 

5 

100 

80 . 


0 

7 

100 

100 

90 1 
100 J 

■ 

2Bn0SAl,O„ 

8 

0 

100 

100 

nil 

125 1 

■ 

1 3Ba0 5Al,Og 

10 

11 

100 

100 

1431 

167] 

1 

Bn0 2Al,(), 


Percentage loss 
on heating 

1 Pcrooiitnge BaO 
o\tin(to(l in 
water 

10 ') 7 

1 

V K* 

28 5 % 

KiO 

312 

410 

264 / 

V s 

25 0 7 

V s 

30 2 / 

' V S 

•27 0 7 

220 

1 

‘280 % 

' 412 

‘20 4 7 

' 35 4 

204 % 

, 30 2 

27 1% 

314 


Coinpositiona 3, 8, 8 and 10 are the best Those arc in fan agreement with 
the results of Ilooth and Ward I'lie low yields of barium iiidiente that a tempera- 
ture of about 1 1 50*C’ was nither low 


Table II 

Temperature 12')0 C— 1800 (’ Time 4 hours 


No 

Ratio of barytes 
to bauxite 

Approximate 

molecular 

formula 

PercentaKO loss 
on lieatiag 

PeiTontaue BaO 
oxtraitcd in 
water 

1 

, 100 100 

2BaO 3Al«t)s 

2810 

‘28 0 

‘2 

100 60 

BaOAl.O, 

328 

362 

3 

100 50 

BaO Al,0, 1 

344 

412 

4 

100 60 

BaO AlfOg j 

1 

‘29 4 

432 


With 2 5 % carbon 




*V S.--Very Small 
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Til Table II it will be seen that a n»e in temperature has generally itioreased 
the formation of soluble alunuiinte Further, the best composition was No 4 In 
this COSO, siH expected, carbon has liad some beneficial effect, though not mnoh, 
b> probably reducing the BaSOi into BuS winch goes into inaction more readily 
llowcxei this much carbon is (onsidered ntueononiic and in future experiments 
it wan decided to use onij 1 % 

IlcHulue from water extraction in No was treat e<l with dilute II (^1 and 
in the aoid solution BaO cxtiwted wna S4 4% of the total Thus altogether 
But) extracted became 75 8 7 

la analyses recorded in Table III it was decided to see what results wero 
obtained by using pure salts of barium and alnminiuin such that they wero likely 
to easily enter into reaction to give banum nlnminntcs, while to get compnmtuc 
rcHuIts mixtures of barjtrs-bauxito ( Table IV ) were heate<l side by side iindei 
the saine conditions 


TaMr III 

Temperature 1300*C‘ — I'ioO Time 4 hoiii*H 

Suit** used — Ixirntiii carbonate and nlninuiunu acetate 


1 

1 

Ratio of bannm 
carbonate to 
iilaimniiim 
a( etate 

Approximate 


Extraction 

in water 


>10 t 

1 

moloenlar 

rormuhi 

i 

A 

liiiO 

% 

\i,o, 

A total 
cxtniction 

Ratio 

AI,Oi/ 

BaO 

1 

5')! 

(MO 

3HaO^Al,(), 

">5 1 1 

601 

57 6 

0846 

2 

l‘»7 

240 

BiiO Al,()i 

423 

418 

42 b 

0662 

3 

' 137 

120 

I faBftOAlfO^ 

380 

588 

330 1 

0590 

4 

1M7 

80 

j JBuOAlfOi j 

310 

414 1 

1 

323 

0238 

Kxtrnction in HCI 

1 




108 

284 

188 

448 

<> 




57 

338 

17 4 

894 

3 




30 

13 6 

71 

219 

4 


1 


40 

6*8 

129 

171 
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Hie resulta of Table III provide intereatuiK data In Nos 2 and 8 tlie 
ratio of Alf Os to BaO is about 0 66 which corresponds to the molecular composi- 
tion BaO Al|Os Thus even when a mixture correApondinf: to the formula 
2BaO AlfOi IS used, there seems to be a preponderance of BaO \l|Os formed 
Butin No 4 the ratio of AlfOs to BaO should bo 0 22 and the \nIiiG obtained, 
0 298, loads to the suf]:((estion that probably alonfiC >vitli others a compound 8BaO 
AlfOs 18 formed theoretical value for \o 1 will while the ratio obtained 

IS 084(i. The \nrintion is lai^e and probabi) some compound BiiO XAI^Oh, where 
X ts more tlinn 1, is formed Very much liijfher values of this ratio in the case 
of acid extractions lend to a similar interiiretation Thus it can be concluded 
tliat the compound which is Inn^ely formed and is most soluble in wat<»r w BaO 
AljOji The other compoiiiidH are formed in lessor amounts and aie insoluble 
in water These eoncliisioiiB arc also supported by subsequent result h 


Table JV 

Tenn>eratnre 1300*f " — 1350*0 Tunc 4 liours 
Using bar>tos and bauxite MMth 1% carbon 


1 

1 

i 



Extraction in water 


' Ratio of 

Approximate 

1 1/)SR 111 weight 
1 on iieating X 





No 

1 Iwrytea to 

1 bmxito 

molpcitlnr 

fomulii 

' % 

% 

' Total ex- 

Ratio 

Al.O,/ 

BaO 


1 


j 

BaO 

A1,0, 

1 traction 

1 

100 142 

BaO 2Al|Oo 

1 310 

54 

99 

! 

1980 

> 

100 121 

3Ba05AIt0, 

' 290 

15 7 

13 5 

' 118 

0768 

3 

100 73 

BaO Al tOg 

1 312 

, 410 

413 

36-8 

0666 

4 

100 60 

BnO A1,0, 

' 310 

510 

52*5 

457 

0-581 

Extraction m Hcl 

1 




16 6 

1 

56 5 j 

259 

3120 

o 

w 




642 

■siiin 

612 

1247 

3 




433 


485 

1*051 

4 




47 2 

752 

50-8 

0*898 


In order to determine how the impuntios, iron of bni^^s and bauxite as well 


as the titanm of the latter distributed themselves, the water solution and acid solu- 
tions of the banum alummates were examined In every case these unpuntics 
were absent from the water extraction which contained nothing but Ba and Al 
However the amd extraction contained almost all iron and titania. This also 
explained the fact that the total percentage of alumina oxtmeted in water and acid 
p.a 








46 


CHFMIHTRY V B DtTRKY, Y P VABSHMBY AND R B BHARMA 


ns gi\cii in Nos 2, 3 and 4 of Table IV exceeds 100 Thu u because the shnnioa 
as reportod in tlio acid extract also contains FcfOj and TiOf which have not 
been spparatoly rstimatcd 

Table V gives the results of two final expcnineiits made witli the best mixture 
(100 barytes 60 bauxite) under the best conditions. The heating was done in an 
oil-hrod niuiQc for 2 hours at a tcmpcniture of 1400*(^ The sintered mass was as 
usual ground and first extnicted with water and then with acid 

Table V 

No 1 Water Extinct 

BnO 62 66 % 

AI,Oj 7840 % 

Total extraction 65 26 % 

liatio AliOg/ BaO 0 68 

Total cxtnction in water and acid 

BaO 83 77 % 

\l,()„(+Fo,0, + TiO,) 0706 % 

No 2 

Water Extract 

BaO 67 8(. % 

AI,Os 7370 % 

Itatio A 1 1 0 1 /BaO 0 b8 

Total extraction in water and acid 
BaO 9224% 

Al,O„(+Fe,O3+TiO,>-104 6 % 

In some further experiments iron and titanin were estimated, quantitatively 
and It was found that m trials in which reaction was complete all the residue 
left after leaching with water was, with the exception of some silica, completely 
soluble in lu id and this acid solution contained all the iron and titania 

Thus ill conclusion it may be said that a ratio of 100 parts barytes to 60 parts 
bauxite, heated for about 2 hours at a temperature of 1350*0— '1400*0 gave the 
best results. About 66% BaO from the BaSOi could be recovered in water 
soluble ixirtion while the water insoluble residue was con^iletel} soluble in dilute 
IK’l and ullowctl of the rccoiery of BaO and AljOs 

nohed on heating — In thercsults tabulated above the loss in weight on 
heating indicated the extent to which reaction had taken place This loss was due 
to (a) water in the bauxite, (b) organic matter in the bauxite and lastly (o) the 
evolution of ^0| and Og when alumina reacted with BaSOt The loss due to 
causes (a) and (b) took place in ever) case but that due to (e) was xmnable, depending 
upontbe banum nluminate formed With the barytes-bauxite oiucture 100 00 thw 
Ion theoretically was 33 5 % and in general the more the actual Ion approximated 


HCl Extract 
2121 % 

32 84% 
2645% 

076 


HCl Extract 
34 43 % 
6810 % 

089 
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to this Bjiurc, the better were the results obtained Nnraorons difficulties were 
experienced in trying to analyse these gases because the containers in which the 
mixtures wore heated could not stand a temperature of 14')0*C without cracking 
In the end a slipcast sinmuinite retort which had been fixed to 1400*C was used In 
Uie nedc of the retort a steel tube was screwed in To make the joint air-tight a 
paste of a fire-clay sillimanite mixture was used and then over this paste, when dry, 
a soft enamel was applied and vitnfied over a flame The free end of the steel 
tube was connected to a series of bubblers contnining different absorbants for 
OOi, Os, SOf, etc The Inst bubbler was connected with a suction pump so that 
the velocity, of tlie gases could be controlled The retort was heated in a gns- 
fired furnace , the neck and joint being well out of the flnines rcmniiK d fairly cool 
A temperature of 1400*C could be easily attained in about hours 

On heating, air and water vapour were first expelled and followed by CO* 
which continued up to about OOO'C At this stage some H|S was also detected 
The evolution then stopped but rccominciiccd at about IHOC — 1200’C and 
continued for about an hour till 1400°C which was the highest toraperature reached 
Final stoppage, though the temperature was maintained for another 30 minutes, 
showed that the reaction was complete in less than an hour SOt could be easily 
detected by its action on KMnO«, Iodine and K|CV|C)t solutions and it was also 
passed through KOH, the sulphite formed being oxidised by lIjOj and estimated 
gravimetncally as sulphate The results obtained however were not quantitative 
KOH solution through which BOt had passed showed no test for sulphate before 
oxidation proving the absence of SOj being evolved ns such The loss in weight of 
the powder was 32 % and the residue obtained after digesting it repeatedly with 
water, was completely soluble in acid Thus no BaSO« was left unchanged 

Hydtolynts of Itnrtum altinttnaie — ^Thc barium alumuuitc formed in tlie 
reaction is a very unstable compound, having strong tendency to hydrolyse, 
precipitating Al(OH)j If water solutions were allowed to stand for 4 or 'i days 
all the alumina settled down leaving Ba(OH)» which gradually absorbed C0| 
from the atmosphere and changed to insoluble BaCOs It was thus impossible 
to keep a solution of BaOAI|Os m water Vanous cxponmeiita showed that 
the rate of separation of AKOHls was considerably necelerated by the addition 
of some good electrolyte to the solution As in the case of the well-known Bayer’s 
process lu which Al(OH)s is precipitated from a solution of sodium niuminate, the 
best results wore obtained by adding to the solution some freshly precipitated 
A1(OH)s, which acted as a nucleus for further scttlmg out, along with a little 
NH 4 CI In this way, a thick voluminous precipitate is thrown down and withm 
a few minutes all Al (OH)i is separated leaving no Al in solution The concentra- 
tion of the BaOAliOt solution was found to have no noticeable effect uimn the 
rate of Al (011)$ precipitation 
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Att€i tile resiovai of A1 (C)H)s interMt oeutred ou the strength of Ba(OH)t 
solution left and the strength of NaOH that would result after oausUoixation of the 
Na|iS 04 Several determinations showed that a strength of 2 % lhi(OH)i solution 
was nommlly obtained When a 30>i (nearly saturated at room temperature) 
solution of NaiSOi was caustioized with tins BB(OU)t solution, a strength of 
about 1% NaOU was formed With greater care in leaching a slightly hi|^mr 
strength of Ba (OH)| solution and subsequently of NaOIl solution could be obtamed 

By treatment of the residue from water extraction, with HtS 04 it may be 
possible first to separate Fe, A1 and Ti togetlier as soluble sulphates from the 
insoluble BaSOi and then to isolate out the valuable Ti while A1 could be converted 
to alum 

h'roni the h>drolysi8 of Bat) AlfOg, the A1 (OH)a can be seimrated and either 
culcuiid to give pure AliOi which is iii good demand or treated vnnoiisly to give 
AlClg, Alt (HOtlg and alum which are articles of commerce 

The above experiments clearly establish that the reactions given in steps 1 and 
2 ot the process (iwges 40-41) take place quite satisfactorily and trials on a 
seim-cominerual scale would definitely prove the industnal possibilities of the process. 

The raw materials rgcpnred are abundantly found in this country and the 
rmted Provinces is favourably situated lu so far as all four of them, ?<;, bauxite, 
salt) barytes and coal can bo casil) obtamed at a place like Agra Bauxite 
occurs plentifully in India at nianj places and has so far found little use in the 
couutrj Proraiiiont deposits are in Bombay, Kashmir, C P and Bihar , but for this 
lirovitico the doiiosits best situated to give good quality material are at Katni in 
( P There is almost no market for barytes either which is mainly found in Madras 
Prcsidciic) and in Mivar 8tute Tlie Alwar deposits, being quite close to Agra, 
are purticiilarl} suitable for U P Theit arc four centres of salt production which 
runs into millions ot tuns in this country, tii., Bombay coast, Madras coast. Salt 
Range ill the Punjab and Satiibhar Lake in Bajputana Xu the lust locabty, vtx , 
Sambliar Lake the salt produced is of a good quality and beuig nearest to U P 
bolds out the greatest promise C’oal will undoubtedly have to be obtained from 
Bihai 

V detailed consideration of the economics ot the process shows that in 
It has decided odi nntuges over the electrolytic process of NaOH manufacture, and 
the w liters, after making all cstuuates, arc convinced tluit the price ot the by* 
products alone is sufficient to meet almost the entire cost of production and even 
if all the alumina produced cnuiiot be consumed lu the market, the process can 
compare fa> ourably witli any other and leaves a good margui of profit after mee ting 
all costs 

ItefaeHce 

1 Ikioth and Wanl dUAi), Phf CA«m, 80,001 



CHEMICAL EXAMINATION OF JSDIOOFKHA LIMFOLIA 
RETZ. THE ISOLATION OF ITS ACTIVE PRINCIPLE 

By Mahadro Pra8ai> Gupta amu Shikiiibiiuhhw Dutt 

CHEMICAIj LAUOBATOB^, At I AHABAP UNIVERSITy Al I IHAIiAl) 

Hcoeived April ‘JU, ]9d8 
HUMMARY 

From the alcoholic extract of the pituit (I) an uiieaturutcd lactone Ci HioO, (linifolin), iii.p 
95* 96*C, and (II) a wax ni p 78° 79*C whidi le a cer}l cetcr of palniitK acid, Iiavc been 

iRolatod in addition to tannliM, pbjrlobaphcnea and gliicone 

Indtgofeta hiufoha, lietz ix n common nnmtn I herb bolonKing to thr Natural 
Order — Lfgiiniinoccac, the stem beiiiK slender and copiously branched, the leaves 
simple and typically linear and the fruit a iMid It is distnbuted from the Hima- 
layas tliroiiKhout India and is called Toiki in Hindustani and Bhangra in Bengali 
It is given by inedtcnl practitioners in febrile eruptions Vccurdiiig to Rovd A 
Campbell the plant is used by Santals in aincnorrhoca along with Enphoibm 
thymfoltn 

As nothing is known regarding tlic oheinioal coni|K>sitioii of Jndtgofeia hni/olta, 
though Chatterji and Diitt^ while working on another variety of /iidu/o/rm, viz , 
J enneaphyltn, isolated two nnsnUiratcd hydrocarbons of very high molecular 
weights and having the molecular forimi Ins Cto Huo and Cgo Hid rcsiiectivcly, 
so the present authors were tempted to put the plant to asjsteinatic chemical 
analysis and to find whether the occuireucc of hydrocarbons in the plants belonging 
to the N O Legumiuooea: is of wider occurrence or not But so far we have not 
been able to isolate any hydrocarbon from the plant and we could isolate a wax and a 
substance of the nature of an unsatiirated laclone which is named as ‘Luiifolin * 

Linifnlin has a molecular formula Ct«H(oOt and cAintains no alcoholic or 
phenolic hjdroxy group os it does not form any acetyl or benzoyl derivative and 
gives no colour with niooholic feme chloride It dissolves in alcoholic caustic 
alkalis with a yellow colour Altliough coiitaiuiug no uidehydic or ketoiuc group 
it reduces Tollen’s reagent slowly and gives no colour with an alkalme solution 
of potassium mtropinssidc. It readily reduces an alkaline solution of potassium 
permanganate and also a solution of bromine in ohloroforin These reactums 
dednltely |wove it to be a member of the nnsatnrated lactones which have been 
adequately reviewed by Jacobs.* The two oxygen atoms present in the mole- 
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rule irt accountwl for in the lactoinc nnu of the molecule and more work on the 
eliicidiitioii of its coustitutioii is in proKress 


Ext'FmMbMTAL 

so Kt; of the entire plant were collected locally and dned in the sun The 
frish plant lost 42 61 % of moisture during the process of drying 10^ gm were 
then fine ly crushed and on complete incineration it yielded 21 74 Z of a grey colour- 
ed ash, 20 50 % of winch was water soluble The following radicals were detected — 

(ft) In the w iter soluble portion — SO*, Cl, Ca, Na and K 
(h) In the water insoluble portion — Al, Fe, Mg, Si, COs 

In order to have an idea about the solubility of the constituents of the plant, 
fifteen grims of the dried and powdered staff were exliaiistively extracted with the 
following solvents in succession with the results given below — 

lieuxoHP cxhact — The extract was of a deep green colour, eontainiiig a 
greenish white eiystnlliiie matter stiMponded in it, jicld 1232 % 

Alrohohr pxh art — The extract was a brown pasty moss, gave dark brown 
colour with feme chloride and reduced Fehling’s solution and formed normal as 
well as basic lead salts, and gave no test for alkaloids , yield 18 7b % 

Cl/Iot ofo) in exit net —The extract was of a light green colour with some 
ncedlc'-shaped erj stallinc matter suspended in it , yield 7 29 % Acetone extract 
(204^. ) and cthjl acetate extract (149% ) were of brown colour and reduced 
Fchling's solution 

The powdered material ( 1 5 Kg ) was extracted with boiling alcohol iii a 
big extraction Unsk of 5 litre capaoit} for five times The extract which was 
of deep grcoii colour was filtered hot and on leaving overnight it deposited some 
ciy stall I lie niatenal which was filtcied and washed with cold alcohol repeatedly 
till a perfectly white stuff was obtained, wbich was then dried A large number 
of extractions with the fresh plant were done in a similar way On concentrating 
alcoholic mother liquor after seiiamting tlie solid precipitate and also the washing, 
to about one-fourth of its original volume, some more of the insoluble precipitate 
was obtained and it was found to bo the same aubstanco which separated from the 
hot alcoholic extract on cooling 

The insoluble precipitate after drying was extracted first with oold petroleum 
ether till whole of the chlorophyll was removed and then with hot jietrol ether 
(A) The petroleum ether insoluble )>ortton was then extracted with hot benzene and 
after filtration it was concentrated whereby some dirty white crystalline anbatapee 
separated It was erj stalhsed first from a mixture of methylalcohol and benzene 
whereby some brown waxy matter was left and then for a number of times from 
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betusene whereby it sepAmted m tiie form of a white crystalline powder which 
under the hii{h power of the microscope appeared ns thick rods melting at 96*-96’C 

Pioperties of hmfolm — Liinfolm is n colourless substance, insoluble in water, 
soinble in benzene, phenol, chloroform, edicr and slightly so in ethyl and methyl 
alcohols, ethyl acetate and acetic acid Tt dissoK es in alcoholic caustic potash 
or soda solution on warming, giving a yellow coloration It decolonscs a 
solution of bromine lu chloroform and a dilute alkaline solution of potassium 
permanganate It dissolves in concentrated sulphuric acid on wariiuiig with a 
deep red colour It gives no precipitate with lead acetate or silver nitrate 
and no colour with ferric chloride Tollen’s reagent is icdnced slowly by it and 
forms no acetyl or benzoyl derivative and neither nii oxime is formed, and it 
gives no colour with an alkaline solution of potassium nitroprusside (}ield01%) 

(Found C, 7897, 7887, II, 1300, 12 96, M W (ebullioscopic in benzene) 
410, 428 , C, fiHsoO, requires C, 79 18 , 11, 13 14 % , M W 394 ) 

Action of alcoholic poioith on Itmfohn — Linifohii (i 6 gm) was saponified by 
boiling witli 0 iN-alcoboho potash When the sapomfacation was complete, the 
yellow solution was cooled, the alcohol removed by distill itioii and the mass 
acidified with dilute h} drochlono acid when a voluminous ilocculent precipitate 
separated which was collected and crystallised fiom benzene as a white crystalhuo 
powder, m p 90' When a mued melting point of this with tho authentic 
sample of limfolin was taken, no depression occurred 

(Found C, 78 72 , H, 13 88 , C, (,n#oO, requires C, 79 18 , H, 13 % ) 

Neutialisahon talue of Itntfohn —Titration of Imifohn with standard alkali 
was possible partially and the neutralisation value was found to bo 39 59 while 
CinllsoOi requires (N V ) 142 11 

The hot petroleum ether extract (A) of the msoliibio solid precipitate was 
concentrated to a small volume and etb>l alcohol added nntil the whole of the 
dissolved substance was precipitated It was then filtered and dried and crystallised 
for a number of times from petroleum ether until it was perfectly white and tho 
melting point became constant It separates in the form of a white crystalline 
powder which under the high power of tlie microscope appears as soft small 
rods and under polarised light appears ns n soft white mass, melting at 
78'-79’C 

It 18 soluble in hot petroleum ether, beuzoiie, chloroform ncetouo and also 
in ethyl and methyl alcohols and is insoluble in water It does not dissolve in 
cold concentrated sulphuric acid but on boating it dissolves with decomposition 
It IS unreacted by fuming nitno aoid either in cold or hot. It gives no colour with 
feme chlonde, does not reduce Fehiing's solation and gives no test for sterols. It 
does not form an acetyl or benzoyl derivative or an oxime. It gets saponified by 
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alcoholic ouatic potaiih solution and, on acidification, a white subatanoe li 
precipitated, which melts indefinitely between 58* — ^72*C On crystalliaing twice 
from aqueous alcohol the substance melts at 61*C and is identified as palmitic add 
From the above reactions it is clear that the substance is of the nature of a wax, 
(>ield 02/) (Found C, 81 27, 81 09 , 11, 1368, 1386, C«,H««0, minires C. 81-29 , 
TT, 1 3 55 per cent) The wax had the acid value 1 1 87 and tlio saponification value 
40 78, and tlie wax is a cerj I ester of palmitic acid which has got the same melting 
])oint (79‘C’) as \icll as the same molecular formula (C4tH840f) 

The mother liquor from the alcoholic extract after separatinK the aolid preci- 
pitate was diluted with alcohol and a dilute solution of lend acetate added The 
insoluble lend salt was filtered and decomposed with a current of sulphuretted 
lijdroKen ill alcoholic susiieusioii and the motiier liquor concentrated But from 
this nothinp; crjHtnllinc could be obtained and it was of dark brown colour and 
showed the presence of tannins in large amount and melted indefinitely between 
157'“— 218‘C 

The filtrate from the lend salt was decomposed with hydrogen sulphide, tlie 
mother liquor diluted with water, a hot solntioii of basic lead acetate added The 
basic lead salt on decomposition and concentration gave nothing crjstalline but 
showed tlio presence of phlobnphcnes ind the faltrate from the basic lead salt 
reduced Fehling's solution readilj, and gave a gincosaaone mp 203*0, showing 
thereby the presence of glucose among the reducing sugars 

One of us (M PQ ) wishes to express his indebtedness to the Kanta Prasad 
Research Trust of the Allahabad l^oiversity for a scholarship which enabled him to 
take |iart in tins iniestigation 


/2e/e»ewce« 

1 Chatterji oml Diitt (1937), Proe Aat 2n»t Set M,3, 171 
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STUDIIuS ON TlfK TREMATODK PARASITES OF FISHES 
I NEM' TREMATODE NIZAMIA IIYnKRABWI, 

N GEN, N SP, FROM THE INTIOTINE OF A 
I-RESH-WATFR FISH, OPIlJOCEPnALUS 
PUNCTATVfi 

By ,1 Dayai 

/ootAW^ nKPARnrPMT, 1 1 1 KNo^\ UlinRtsm 
Received April 14 lUSS 


NUMMARY 

m a fimnll treniatodo 1 (15 mm long by O’ 17 mm broad rhc cuticle 
iM ainouth Oral iiU(.ker la larger (ban ventral aiiclccr Prepharynx and plwrjiix an well devtloiwd, 
(cflopbagua u aniiill Fxcrelory bladder i« Y shaped (icnital opening ut immediate l> in front of 
(he ventral sucker a little to the right Testes ore doopi) lubed and ovary w trilolied Cirrus sac 
IS largo and contains an oval visu ula seniinalia interna tubular laini prustatira and a retracted 
cirrus Viwicula aeminalis externa is divided into two spherical portions V'ltclline glands extend 
from the ovary to the posterior end, lateral oiil} in front of the antenor testis and extending towards 
the middle luio poetcnorly Laurel's canal is present and the utenis at its ongiii is full of sperms A 
rocoptaculum seminia u absent Eggs an operculated 

The idatranship of tfitnmta is discussed and a new subfamily I^ptophallinci is erected to 
include it and the related genera, Tj»pttiphaUu», Gnnoia and ^soffanodo A kc} to the genera of 
the now subhimily is given ui the paper 

Lflho* doBoribetl LrjU()phnllu<> Htgforrnosns from tlic ceaophagiia of 

Ttopidmotm nair%.r Clmttorji* (19S'l)nnd Ditynl"* (1938) dcwTibed Oatmla thnue 
and Neoganada barnlMml, Iff reapcctivc ly, from the iiiteHtiiie of LInnm Imitwhm 
The form desenbed in the proaent communication im rointed to Lfptophalln% Oanada 
and Nfogattadn, but differs from them in seternl important characters which 
necesaitnte the erection of a new genus foi its reception 

The trematodes were collected at Hyderabad, Deccan, in Jaiiuar) 1937 fro^ 
the intestine of Op^oceplialtta pututaiua 
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Ntxaniui hydt'i abadu N Gen , N Bp 

Nttnnna hydern/jodt ib n snmll cj lindncnl trenintode with roniided antenor 
and posterior ends It la 1 ($0 intu long bj 0 37 niin wide The cuticle i* smooth 
being devoid of spines 



A 

A— Ventral view of Ntxamm hydeiabmli B— Cimis sac of Nnnmm hyderabadt 

Cvr Cirrus, Oir 8 Ciriiissac, B Eggs, Bh Excretory bladder, O 0 Qenital opening. 
In Iiilefllimd caeca, 0« Oral sucker, Ov Orary, Ph Pharynx, P t*h Prepharynx, 
P Pro* Pars prostatioa, Ym Tostis 13% Uterus, VU Vitdline glands, V 8 Ventral 
sucker V 8tm 1 Vesicula seminalm lulerna , V 8im B Vosicula semiuahs externa. 

The oral sucker u oval and subtonmnal It is 0 16 mm long by 0 17 mm 
broad. The acetabulum is smaller tlian the oral sucker and is 0 15 mm long b> 
0 13 mm broad It lies at a distance of 008 mm from the antenor end. 

The moiitli lies at the anterior end of the oral sucker and loada into a long 
prephary nx about 0 I mm long by 0 04 mm broad The latter opens into a strong 
muscular pharynx 0 07 mm long by 0 08 inin broad Postenor to pharynx is a 
short lesophagus which divides into two simple intestinal caeca, which run up to the 
posterior end of the body 

The excretory pore is situated at the postenor end of the body It leads mto 
h long tubular bladder which branches into two short diverticnia behind the 
postenor testis 
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The genital opening lies immediately in front of the ventral auckert a little 
to the nght of the median line 

The male reproductive organa consist of two deeply lobed testes lying one 
behind the other The anterior testis is situated immediately behind the ovary 
at a distance of 1 mm from the anterior end It is 006 mm long by 0 12 mm broad 
The posterior testis is larger than the anterior one, and is situated at a distance 
of 1 14 mm from the antenor end, and 008 mm behind the anterior testis It 
is 0 17 mm long by 0 18 mm wide 

The OUTOS sac is a long flask-shaped organ lying on the right side of the 
acetabulum It is 0 24 mm loug by 0 00 mm wide The organs contained withm 
the cirrus sac are the vcsicula scminalis interna, pars prostatica, a muscular cirrus 
and prostate gland ceils The vcsicula scminalis consists of two parts, a vesicula 
semiualiB interna lying within the cirrus sue, and a vcsicula scminalis externa lying 
outside the cirrus sac freely in the parenchyma Ihc \csicula seminalis interna 
18 oval 111 shape and is 006 mm long by 0 05 mm wide. The vesicula seminalis 
externa extends up tb the ovary and is divided into two portions, an antenor portion 
which IS oval and is 0 03 mm long by 0 05 mm wide, and a postenor sphencal 
portion with a diameter of 0 O') mm The vesicula scminalis interna opens through 
a short duct into a long tubular pars prostatica 0 07 mm long by 0 02 mm wide 
The latter opens through a short ejaculatory duct into a retracted muscular cirrus 
007 mm long by 0 02 mm wide, which opens to the extenor at the genital 
pore 

The ovary is a tnlobed organ with a maximum length of 0 11 mm and a 
maximum breadtli of 0 14 mm It lies at a dwtauce of 0 92 mm from the antenor 
end From its nght posterior lobe arises the oviduct which ojiens at the ootype 
The Laurer’s cauul u present The receptaciilum soiniuis is absent but tlio uterus 
at its ongm is full of sperms 

The vitelline glands consist of large follicles extending from the ovary to the 
postenor end Thoj are lateral lu position antenor to postenor testis, while 
postenorly they extend towards the middle line The tuio transverse vitelline 
ducts formed by the union of other ducts mute m the region of antenor testis 
and open into the ootype. 

The uterus anses from the nght side of the ootype opposite the opening 
cf the oviduct, aud runs in a sinuous manner between the two testes to a 
distance of about 0 16 mm in front of the fioatenor end, where it bends and 
runs forward through tlie same course to open at the genital pore The 
terminal portion of the uterus is not mnscular and hea on the nght side of the 
cirrus sac. 

The eggs are oval, operculatcd and covered over by a thin brown shell They 
measure 0 OSO mm by 0 016 mm 
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Tho diatingauhing oharaoterH of the form described m»y be sumouirited as 
folloWH - 

1 Cybndnuil body devoid of spines 

J r>arge prepharynx, and niusonlar pharynx 

S Testes and ovary deeply lobed 

4 ('irrus sac large, with oval vcsiciihi seminalis interna, tubular inuth 
prostatiCH and a retracted cirrus. 

b Vesicula semi tialu extcrua divided into two portions 

b Vitelline glands with large follicles extending from the ovary to tho 
postenor end, lateral only anterior to {lostenur testis, and extending towards 
the middle line poetenorly 

7 Laurer’s ciiiial iircsentand iiteiim acting as rcLeptacnlum seminis 

8 li^gs operciiiatcd 

Dimuhami — The new form NtMinta hyditabarh^ ns will appear from the 
description, is closely rtilnicd. to L« ptop/tnllus^ Gaiuuia find Xeognmula It however 
diifers from all of them in tho possession of a long prepharytix, short (mophagus, 
10 the structure of tho cirrus sac, chieQy in having vesicula seminalis externa 
divided into two portions, ih tho possession of deeply lobed testes and trilobed ovary , 
and in having operculated eggs. Further it differs from Lrptopkallm and Neogmtada 
111 the absence of reoeptaculum seniinu, and from Oantuia in the structure of vesicula 
seminalis interna and externa, and in the shaiie of the pars proataticn Those 
differeiioes along with the topography of organs are enough to erect a new genus 
Ntmmta with tho following diagnosis 

ringfotr/tudfr , body cylindrical, cuticle without spines Prepharynx long, 
pharynx strong and muscular, oesophagus very small Intcstiiial caeca simple 
reaching to the postenor end Oeiiital opening m front of the ventral sucker a 
little to the right of the median line Testes deeply lobed one behind the other 
Cirrus sac large, on the nght side of tho ventral sucker Vesicula seminalis consists 
of two imrts, vesicula seminalis intcnu lying within the cirrus sac, and vesicula 
seminahs externa lying outside the otmis sac Tho vesicula seminalis elterna 
IS divided into two portions Tubular pars prostattca and a retracted cirrus present. 
Ovary trilobed LaurePs canal present, receptaculum senunis absent, uterus at its 
origin filled with sperms Vitellana with large follicles extending from the ovary 
to the posterior end, lateral only in front of the postenor testM and extending 
towards the middle line posteriorly Uterus with descending and ascending limbs 
running between the testes Eggs oval and operonlated. 

The genera LeplophaUus, GamdOt Neoganada and Nixanm differ from all 
other members of tho family IKagtmrhttda in having vestoula seminalis divided 
into two portions, a vesicula seminalis interna lying within the cinrut sao, and a 
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veaiculR ■emiiiHlis externa lying outside the cirrus sac, free in the parenchyma. 
Baer^ (19i4) and Mehra* (1931, 1037) included the genus Luho in tlie 
subfamily Th achycoelutue I^ooss (1809) The genera Leplophalliis and Brachy- 
coehum differ from each other chiefly in the extent of iiitcstiiiiil caeca, and in the 
structure of the cirrus sac Mehra* (1937) has used these characters, chiefl> the 
structure of the cirrus sac and the vcsicula seminalis, as siibfaiiiil} chanu tors, 
in the clasaiflcation of the family Playmehndu Therefore on the basis of the 
classification as given by Mehra" ( 1937 ), and supported by OIblii' ( 1937 ) the genera 
Leptophallmt, Oatinda, Neoganada and Ntxamta shoultl be placed in a new subfamily 
Leplophallmfr with the following diagnosis — 

P/nj/w/f/mtifM , cuticle smooth or covered with spines Pri pharynx, iihur 3 iix 
and (Rsophagus present. length of intestinal caeci variable usually nadiing to 
posterior end of the body Excretory bladder Y-shapud, with long striii and shoit 
diverticula Oenitiil pore m front of acctabuliiin Testes connubial or taiidein 
Cirrus pouch generally crescentic Vesicul i somiiialis divided into vesicula 
seminalis interna and externa lying within and outside the iiirus sae respective!} 
Ovary in front of testes Imurcr’s canal present Itcceptaciiliiin sciiiiiiis present or 
absent Vitelline glands with large follicles, usually lateral Uterus with transverse 
coils extending to iiosterior end of Uie body lilggs numerous with or without 
operculum 

Key to the genera of the subfamily TjeptophnllinuE>, N Sub Kam 

1 Receptaculiim scminis present J 

Rcceptaculum scminis absent i 

2 Intestinal caeca short not extending to posterior end, testes 
symmetrical, cirrus pojich anterior to acetabulum, vitelline glands from 

pharynx to acetabulum LeplophaUm 

Intcstmal caeca extending to postenor end, testes one behind the 
other, cirrus sac large, crescentic, lateral to acetabulum, vitelline glands 
lateral, extending to postenor end, uterus with transv erse coils Npogamda 

8 Testes sphencal lying one behind the other, vcsicula 
seminalis interna tubular, vesicula seminalis externa a simple sac 
like organ (wanada 

Testes deeply lobed lying one behind the other, vcsicula 
seminalis interna oval, vcsicula seminalis externa divided uito two 
portions, ovary lobed, Laurer’s canal present, uterus acting as rccepta* 
culum seminis, eggs operculated Nt%amia 

I am deeply indebted to Dr G S Thapar for his kind help and placing 
at my disposal his valuable library My thanks are also due to Dr B K Das 
of the Osmania University for permitting mo to collect die trematodes in his 
laboratory 
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CHEMICAL EXAMINATION OP THE FRUITS OF PHYSALTS 
PERUVIANA OR CAPE GOOSEBERRY, PART III 

Jaoraj Behari Lai 

Cheuutby Depabiment, Ueiversity up Am ahabap 
Oommanicated by Dr 8. Datt 
Bccotred Jannary 10, 1938 

buhhary 

From the hnak of the berriee of Phfftaiit ptruvUnta hare been lacdated potaMiiim dilorhle 
admixed with potaaaium citrate (0‘15%X a |>hyt<MtetoI Ct, H 4 « 0, HtO mp 138*0 (unoorr ) 
(yiM 004%), oleic, lindic, linolenic and aatuiatcd aoida, a trace of a pnuKent alkaloid, an amor 
pboua bitter glncoaide C«it U«« On mp 100* 103'C (uncorr) (yield 0*3%) beaidea conaidcrable 
amoont of tanniiu, phlobaphenca and rcdocuig BiigiirH. 

Phyealu pertmam (N O SoIaDncen) called Cape-gooeeborry in Engliah and 
Mnkoi in Hindustani u cultivated in India, os it affords an excellent froit. As 
far as the author is aware the fnuts have not been chemically examined and conse- 
quently the husk which has been accidentally found to be very bitter in taste 
was subjected to detailed chemical examination 

Several members of the extensive genus Sokmaeea have been reported to 
oontdn gluco alkaloids, for example solanine-t and solanine-s isolated from SoUmum 
tuberonm and Solantm totlomoeum are well known as the result of the recent 
*1 a •> «> t, la It by Oddo and his co-wm^cers as well as others. Solongustiae 
Css Hss Or N which on hydrolysis gives s^ucose and solangustidioe Ctt Hss Os N 
has been isolated from Solatium auguahfolta and solaoooapsine Css Hss 0$ Ns 
or C»« Hss Os Ns and solaaooapsidine, pnrfiably Css Hst Os Ns have been isolided 
Arom Solatium jMeudoeapneum, {winter cherry) * 

D9 
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8 aiyed and Kanga* have ioolnted from fhe whole plant Sotanum tMttthoeorpttnt 
carpcsterol Osn Hit O, an alkaloid solancarpidine, Cje H 41 Os and a glucoalkakdd 
Bolanacarpine CssHttOioN Qupta and Dntt^ ns a result of detidled investi- 
gation of the seeds of this plant have isolated the gluoonlkaloid, solanaearpine 
C 44 Ht 4 Oh Ni giving on hydrolysis glucose, rhamnose and solanaoarpidiae to 
which the formula Cat Hs 4 Os N I has been assigned. Besides the glucoalkaloid 
they have recorded the isolation of oarpesterol. Css Hsi O 4 m.p 248 C and a lactone 
C |8 H 4 S Of mp 78 C * ‘ ♦ 

The present investigation was undertaken m the hope of isolating the bitter 
principle as well as glucoalkaloid if any from the husk of Phyaahs peruvuma. The 
husk has boon found to contain 0 15% of potassium chloride admixed with potassium 
citrate, 004% of a phytostcrol Ca? H 44 O, Hs O mp 132*C besides oleic, letaolic, 
linolinic (traces) and satumtod acids The husk also contains an uncrystnllisable 
pungent alkaloid in traces, and nn amorphous bitter pnndpio having the formula 
C 46 Hgd Oi 8 ro p 100 *- 102 'C besides considerable amount of tannins, phlobaphenes 
and reducing sugars 

Expebimentai. 

In order to form nn idea about the solubility of the constituents of the husk 
30 gms of the powdered stuff were extracted in a Soxhlefs apparatus with various 
organic solvents in succession when the following amounts of extracts dned at 
100* C wore obtained 

Iktroleim Ether Extract —Pale yellow semi-sohd waxy mass, yield 4*91% 

Jimxene Extnuit — Qrconish brown mass containing fatty matter and caro- 
tinoids and bitter in taste. Yield 4 00 % 

Ethyl Acetate Extract —Brown moss, slightly bitter in taste and gave a green 
colour with feme chloride, jield 2 45% 

Alcoholic Exit act — Brown resinous mass having an intcnso bitter taste Water 
partmlly dissoUcil it giving a brown solution which gave deep green coloration 
with ferric chloride (tannins and phlobaphenes) and a brown resinous niass remained 
undiBSolved Yield 8 4% 

For complete examination 5 kgms of the coarsely powdered husk were in lots 
of 700 gms repeatedly extracted with rectified spirit in a 5 litre extraction flask 
until the extraction was complete The combined brownish >eHow extracts were 
distilled until most of tiie solvent had been recovered and the residue boiled frothily. 
On allowing tho concentrated extract to stand for a month it deposited a considerable 
amount of gntty crystalline stuff and some greenish brown resinous mass Aftor 
addition of sufficient alcohol to completely dissolve the resmous mass it was filtered> 
at the pomp, and the residue well washed with alcohol After crystalUaation from 
watdr it was obtained ns sbning white crystalline moss and was fopnd to consirt 
mainly of potassium chloride and traces of potaMinm citrate (r6 gm.). 
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IVom the filtrate alcohol was removed as completely as possible under reduced 
isessure and the residue left was repeatedly extracted with benzene. The 
eombiued benzene extracts were concentrated after filtration and the giMn oily 
viscous mass thus obtained could not be or} stalliscd and was finally saponified by 
boilmg with a slight excess of 20% alcoholic caustic potash The residue left after 
complete removal of alcohol was treated with water and repeatedly extracted with 
ether The small amount of unsaponifiablo matter obtained on repeated crystalli- 
sation from small quantities of alcohol was obtained as silky needles melting at 
132'* C and gave all the usual colour reactions of sterols (Found C, 81 0 % , If, 10 6 % , 
Ctt HiiO, HtO requires C, 81 3 % , H 104%) 

The soap after the removal of the unsaponifaablo matter was treated with 
500 00 . of water wheu a considerable portion of brownish grey stiifT remained 
nndissolved It was acidified with dilute snlphanc acid and heated on the water 
bath The free fatty acids were removed by extraction ivith petroleum other (0 4 % 
by weight of the husk) and were separated into saturated (11 b %) and iiusatumted 
acids (88*4 % ) by TwitchoU’s lead salt alcohol method The unsatnrated acids liavmg 
iodine value 128 8 were found by bromine method to consist mauily of oleic and 
hnoleic acids and a trace of Imolenic acid 

The concentrated alcoholic extract (A) after removal of idiloropliyll and 
waxy matter was dissolved iii alcohol and on keeping for several days did not 
deposit any cr}8tnlline stuff It was found to give copious precipitates with 
alkftloidal reagents but as the solution turned milky on the addition of water and 
deposited sticky brown mass, the tests with alkaloidal reagents were not reliable 
and did not go to show conclnsivcly the presence of alkaloidal bodies A measured 
amoufit of the alcoholic solution was taken and after complete removal of alcohol 
was repeatedly extracted with cold dilute hjdrochlonc acid The acidic solution 
after neutralisation with ammonia and repeated extraction with chloroform and 
removal of the latter by distUlation gave a trace of a brown viscous stuff having 
a strong ammoniacal smell, and having a pungent but not bitter taste Its solution 
in dilute hydrochlono acid gave positive tests with alkaloidal reagents All this 
went to indicate that the bitterness of the husk of Physaltt penn tana is not dno to 
an alkoloidal body 

As the reddish brou n alcoholic sohition (A) gave with alcoholic lead acetate 
first a dirty brown precipitate and then a bright }ellow precipitate it was considered 
advisable to try the lead salt method The alcoholic solution was treated in the 
cold with a small quantity of alcoholic lead acetate solution drop by drop till the 
formation of dirty brown precipitate had ceased and bright yellow precipitate began 
to setxiratc The resulting precipitate was filtered at tlio pump and well washed with 
alcohol and hot water and on decomposition witli snlphnrotted hydrogen in alcoholic 
suspension and concentration of the filtrate after removal of lead sulphide gave only 
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tannins and phlobaphenns. Tho filtrate from the hrown lead lake was treated In the 
hot with a slight excess of alcoholic lead acetate and the resulting bright yeUew 
lead lake on deooniposition with sulphuretted hydrogen in alooholio suspension gave 
a brownish solution which on concentration deposited no crystalline stufF and 
consisted of tannins, phlobaphenes and was not bitter but astringent in taste. 

The filtrate after complete precipitation with lend acetate gave a bulky and 
sticky yellow precipitate on dilution with water Consequently precipitation trith 
basic lead acetate was considered to be useless and the alcoholic filtrate was treat* 
ed with excess of hydrogen sulphide and the resulting lead sulphide filtered off, 
and repeatedly extracted with boiling alcohol and the filtrate combined with the 
main The filtrate after concentmtion and dilution with water gave a viscous 
precipitate which was repeatedly washed with water and crumbled to a fine brownish 
liowder Attempts to crystallise it from vnnons solvents failed. It has an extremely 
bitter taste and contained C, H and O, only It is sparingly soluble in hot 
or cold water, benxene, petroleum ether, ether, chloroform and carbon tetrachloride 
and readily in methyl and ethyl alcohol and in acetone In alcoholic solution it 
gives a green coloration with feme chlonde dissolves to a yellow solution in alkali 
hydroxides but not lu alkali carbonate solutions With coiicentmtcd H 1 SO 4 in 
presence of a little acetic anhydride a pinkish violet coloration (Liebermann’s 
cholesterol reaction) It reduces Tollen's reagent on continued boiling but Fehling’s 
solution only after hydrolysis with dilute muieral acids, and melts at 100* — 102 *C 
(Found C, 6024, 6037, H, 771, 784, M W in ethyl alcidiol ebnlKoscopically 
018, C^sHagOis requires C,004 , H, 74X , M W 894) 

Tho author wishes to convey his heartiest thanks to Dr S Dutt, D Sc, 
P R.S., for his kind interest in tho investigation 
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A NEW TREMATODE, GOmOTRKMA BARBIUS, N GEN, N SP, 
FROM A FRESH-WATER FISH, BARBUS SARAXA 

By J Dayal 

DEPAHTItEMT OF ZOOLOOY LuCKNOW UnIVE&SITY 
Booeived April 90, 1038 

StJMBIARY 

Oor| 7 olr«ma harbiu* ifl a doraoventrally flattened trematodc with a broad nearly circular 
poatenor portion and a long neck like anterior portion of the body The ciilu le la coierod with amall 
aeatterod apinea A fnnnci ahaped bnccal canty m present Oonophagna is long and the intestinal 
caeca am aimplo and broad Excretory bladdrar ia tabular with lateral branchca Oenital opening 
is m front of the intestinal bifurcation A genital atnnm is present Tustea are follicular (34-40 
folliclesi Utenne coils are posterior to (iotype, mostly intercaecal The rdationship of the new 
form ia discussed in the paper 

Hie trcmtitodes were collected from the kidneys of a fresh-woter fisb, Barbtu 
sat ana They belong to thcfnmily Gorgodendac Loose (1901) and the snbfamily 
Gorgodennao liooss (1899) But they differ from all tlie known genera in important 
characters which necessitate the erection of a new genus for its reception 

Oorgolrema barbws, N Gen , N Sp 

The new form Oorgotrema harbtus is a doraoventrally flattened trematode of 
white colour The cuticle is covered with small scattered spines The anterior 
portion of the body is narrow and elongated, while the postenor portion of the body 
is much expanded and nearly circular The worm is 4 4 mm long by 2*96 mm 
broad The narrow anterior iiart is 1 87 mm long by 0 96 mm broad in the region 
of the genital openmg, and the postenor expanded portion is 2 63 mm long by 
2*96 mm broad. 

The oral sucker is oval and aubterroinal It is 0 47 mm long by 0 44 mm wide 
The ventral sucker is larger than the oral sucker and oval in shape. It is 046 mm 
long by 0 47 mm wide It is situated at the junction of the neck-bke projection and 
^e broad portion of the body, at a distance of 1 57 mm from the antenor end. 

The mouth is a slit-like opening on the ventral side of the oral sucker and 
opens into a fannolHshaped bnccal cavity The latter leads into a long oesophagus 
llOSipm long by 005 mm broad The oesophagus bifurcates into two simple and 
broad lotestatal caeca which terminate at a distance of 0 6 mm from the postenor 
end of the body. 
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The excretory pore u situated on the ventral side near the posteriibr end of the 
body It leads into a long tubular bladder extending as far as the posterior follides 
of the testes. A number of excretory tubules open on either side of the excxtiorj 
bladder throughont its entire length 



I tffia I 

tifi 1 

Ventral view of Oorgotrema mrmm 

Be Dnccal cavity, Be Dnetns ojaruiatonus Bh Excretory bladder, In. intestinal 
cooca, Jfft Mrtratom, Od. Oviduct, On Oesophagus, Ool Ootypo, Os Oral snoker, 
Ov Ovary, Pr Prostate {dands, 8g Shdi glands, Tu Testos, Ut Uterus, Vg YiteUine 
glands, V etm Vesieula seminalis, V 8 Ventral slickor 

The genital opening u situated between the oral snoker ond the intestinal 
bifurcation, at a distance of 1 18 mm from the anterior end and 0 8 mm in front of 
the luthstinal bifurcation It leads into a common genital atrium into which open 
both the male and the female gonital ducts 

'inie male roproductivo organs consist of a lofrcn number of small rounded or 
oval testes. They nro scattered irregularly lu the antenor half of the broad poktion 
uf the body, behind the ovary and between the intestanal caeca. The itumber of 
teates is between 34 and 40 In the type speeunen the number is 88. 
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The oimie sao is absent. The vesicnla seminalis lies freely in the pnrenohyina 
and IS oval in shape. It is 0*076 mm loni; by 0 06 mm mde and opens into a short 
ejaeutatory dnet 0*08 mm Ions The /atter opens into the senitai atnnm on the left 
side of tho opening of the female duct 


9 
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Fig 2 

Ovary and ootype complex of Gotgotremn txulnttti 
Lettering as in Fig 1 

The female organs consist of an ovary and its duct together irith a nnmbcr of 
accessory organs associated with it The ovarj is situated on the nght side of the 
right yitelhne gland, and is partly internal to and partly overlaps the nght intestmal 
caecum on the ventral side It is oval in shape and lies at a distance of 2 16 mm. 
from the antenor end It is 0 19 mm long by 0 14 mm broad From its left side 
arises the oviduct which opens into the ootype The vitelline glands consist of 
two large I undivided follicles. They ore situated in the middle of the body, on 
either side of the dotype, behmd tho ventral sucker The nght vitelline gland 
is 0 2 mm. long by 0 12 mm broad, and is situated at a distance of 2*1 mm from the 
anterior end. The left vitelline gland is irregular in outline and is 0 18 mm long 
by 0 17 mm broad. It is situated at a distance of 2 16 mm. from the antenor 
end. duets from the two glands open separately at the ootype. A large number 
of unicellular shell-ghmds, each with a large nucleus, surround the dotype 
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The uterus arises from the postmior side of the dotjrpe between the openings 
of the vitelline ducts It runs backwards formuig coils mainly between the 
Intestinal caeca, but also extends over the latter on the ventral side Anteriorly 
it runs dorsal to the ventral sucker to open at the genital atnum on the right side 
of the opening of the male duct 

The eggs are oval in shape with a thin lightrlirown shell They measure 
0 031-0 035 mm. by 0 022-0 024 mm 



Fig. 3 

Yesioula seminalis and metraterm of Qotgotrema baibtua 
Lettenng as in 1 

The distinguishing characters of the new form may be summarised as follows — 

1 Body Hat, divided into an anterior elongated neck-like portion and a 
posterior broad circular portion 

2 Cuticle covered with small scattered spines. 

3 A funnel-shaped buccal cavity present Oesophagus long, intestinal 
caeca simple and broad. 

4 Bxcretory bladder tubular with lateral branches 

5 Genital opouing anterior to intcstiiial bifurcation 

6 A coiqmon genital atnum both for male and female ducts present 

7 Testes folliculori in large numbers (34 — 40), scattered m tlie anterior 
half of the broad portion of the body. 

8 Utenne coils posterior to uotype, mostly iutercaecal. 

Discussion — The new form as will appear from the descnption belongs to the 
family Oorgodendae and tlie subfamily Goigodennae. It differs from all the 
known genera of the subfamily {Oorgodera, J^Uodtstomum, Maeta and Xyshetum) 
In the possession of funnel-shaped buccal cavity, in the position of the genital 
pore, in the shape of the excretory bladder, in the number and conQgnration of the 
testes Oorffodera is the only genus in which the number of testes is more than two^ 



A NEW TKEUATODK, OOBGOTRFIIA fiABBiaS, N OEN , N 81’ 87 

but In Oargodera the teates are nine in nninber and are arranged in two longitudinal 
rows one behind the other» one row conaiating of four and the other of five 
testes. In Oofgotfema the teatea are ui largo nurnbers ( 34 — 40 ) aoattered 
irregularly in the an tenor half of the broad portion of the bod) The difference 
ui the nninber and the configuration of the testes, the position of the genital 
pore* and the possession of the buccal-funnol is enough to justify the erection of 
a new genus, with the following diagnoaia — 

Ootgwhnuae^ with flat body duided into an anterior narrow elongated 
IKirtion and a posterior expanded, nearly circular portion Cuticle co\ ored witli 
small scattered spines A funnel-shaped buccal ca\it) present, phar)nx absent, 
(esophagus long, intestinal caeca simple and broad Excretory bladder tubular 
and with iaieml branches Genital pore anterior to intestinal bifurcalaon, a 
genital atnum is present Testes folhcnlar, scattered in the anterior half of the 
broad portion of the body Ovary on the right aide internal to the intcstinnl 
caecum, and at the same level as the vitelhne glands Vitellme glands two and 
unbmnohed Uterine cods mainly mtcrcnecal and behind the dotype Eggs oval 
with thin hglit-brown shell Parasites of the tinnnry organs of fishes 
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THIO FATE OF THE DUCT OP CUVIER IN MAN AND CERTAIN 

OTHER MAMMALS 


By M. A H. SiDDiQi and R. V Singh 

DbPABTIIIMT op ANATOn, UHIVnUITY OF Lvokmow 
Received May 11, 193S 
SUMMARY 

The large todous trunks in the case of man and 11 types of Mammala hare been invertigated. 
The arrangemoit of veins in the region of the superior vena cava and the coronary sinus has been 
duscnbed As a result of this investigation it is observed that three definite types of arrangement 
exist and these have been disoussed from the developmental pomt of new 

The big veins entenng the right atnum in man and several mammals have been 
diHsocted and studied, and an attempt has been made in this paper to compare the 
varying conditions of these veins and disonas the possible origin of these variations 
As far as possible, the animals were obtained alive , they were narcotised with 
chloroform and dissected in fresh condition In the case of smaller animals, preserv- 
ed parts were used and the veins were injected with methylene blue. 

The subjects and their number used ditruig the course of this investigation 
were — 


Human 


.. 5 

Babbit 


. 2 

Monkey 

• 

3 

White Rat 


3 

Goat 


.. 2 

Porcupme 


2 

Sheep 


1 

Mongoose 

a* 

... 2 

Dog . 


2 

Squirrel 


a 

Fox . 


1 

Cat ... 


2 


As a result of these investigations it was found that the arrangemonts in 
connection with the formation of the snpei'toi m/n entu and the coiONai'v s/mns fall 
into three mam gronps — 

(1) Titft mranffPtneHl, at ts found typtcally in man, consists of (a) a single 

superior vena cava on the nght side with the azygos vem opening mto it, and 
(b) a coronary sinus on the left side This arrangement was found to be constantly 
present m the monkey, dog, oat, and fox (dg 4). ' 

(2) The anangement, a» ts found typically in rodents, consists of (a) a 
superior vena cava on each side, and (6) the azygos vein opening into the snpertor 
vena cava of the right side (fig 6) 
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(3) The arrangement, a« u found m goats and sheep, consists of (a) a right 
superior vena cava without the azygos vein, and (6) a left azygos vein which opens 
directly into the nght atnum, and replaces the coronary sinus in man and the left 
superior vena cava in Rodents (fig 5) 

Developuent of the Venous System in Eari.y Stages 

In its earher stages the venous system consists of two anterior rntdinal terns 
and two posterior cardinal terns which join together to form the common orndtnal 
letn of either side. The common cardinal vems receive the umbilical and vitelline 
veins and thus form the duct of Cmtet on either side (fig 1) This arrangement 
of veins forms the ground plan of the embryonic venous system in all mammals 
The different types of the adult venous system are obtained by the formation of 
fresh cross^annels between the embryonic veins, and the atrophy and obliteration 
of some of these veins 

(1) Subsequent Development in Man —In man, a cross-channel appears 
between the two antenor cardinal veins On the nght aide, part of the aiitcnnr 
cardinal vein, lying prozimally to this now cross-channel, forms the snpenor vena 
cava, the cross-channel itself forming the left innominate vein The snpenor vena 
cava m ite lowest part is formed by the duct of Cuvier The postenor cardinal 
vein persists on tins side and forms the uppermost portion of the azygos vein which 
opens into the supenor vena cava. On the left side, however, the intra-pancardial 
portaon of the left antenor cardinal vein and the duct of cuvier undergo partial 
atrophy and give nsc to the vestigml fold and the oblique vein of Marshall. This 
oblique vein turns round the left auricle to terminate into the left horn of the sinus 
venosus, which is the precursor of the coronary sinua The left postenor cardinal 
vein atrophies 

To sum up, the adult condition in man consists of (1) a supenor vena cava on the 
right side, formed from the nght antenor cardinal vein and the nght duct of 
Cuvier, (2) the azygos vein formed from the right postenor cardinal vein and 
opening into the supenor vena cava, and (3) the coronary sinus on the left side 
(fig 4) 

Since the adult venous system in man resembles that found m the dog, cat, fox 
and monkey, it is likely that the venous sj stem in these animals follows the same 
coarse of development as m man 

(2) Subsequent Devdopment in Rodents —In Rodents both the nght and left 
antenor cardmal veins persist and form the two supenor vena cavae In their 
proximal parts, both the supenor vena cavae are completed by the ducts of Cuvier 
and finally open into the right atnum. 

The nght postenor cardinal vein also persists and gives rise to the proximal 
portion of the azygos veiu On the left side, the postenor cardinal vein atrophies 
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Thus we have m the adult (1) the right superior vcua cava formed from tho 
right uutenor cardinal vein and tiie right duct of Cuvier, (2) the left supenor vena 
cava formed from the left anterior cardinal vein and tho left duct of Cuvier, and 
(3) the azygos vein formed from the posterior cardinal vein and opening into the 
right 8ii|>erior vena cava. The left supenor vena cava winds round the lower border 
of the heart and, after traversing the aunculo-ventncular groove, opens into the 
right atnum close to the opening of the inferior vena cave (fig 6) 

(3) SubneqMnt Development m Goats and Sheep — A oross>ohaanel develops 
between the two anterior cardinal veins and forms the left innominate veiii os in 
the case of man The part of right nntenor cardinal vein, lying proximally to the 
cross-channel, forms the distal portion of the supenor vena cava, the proximal 
portion being formed by the duct of Cuvier The left anterior cardinal vein 
proximal to the cross-chaunel atrophies. The posterior cardinal vein of the nght 
side atrophies, while that of the left side persists and forms a part of the azygos vein 
which in its subsequent course is completed by the left duct of Cuvier and opens 
finally into tho nght atrium 

Thus wc have in the adult (1) a superior vena cava formed from the nght 
anterior cardinal vein and the duct of Cuvier, (2) a left azygos vein formed from the 
left posterior cardinal and the left duct of Cuvier The azygos vein lies on the left 
side of the descending aorta and winds round the supenor aspect of the left root of 
the long and then traverses the atno-ventncular groove Finally it opens indepen- 
dently mto the nght atrium, the opening being placed close to the left side of the 
opening of the inferior vena cava (fig 5). 
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•NUMMARY 

In this paper Msbapiiii s and Itromwicbs modiflratiuns of Dcdekiiiils Inatmeiit of Real 
Numbers are examined and a diftennt one suggested 

Dedekiiid’s Section of the Rational Numbers R is de6ned by him as follows — 
“ If now nay separation of the system R into two classes At, A a is given which 
possesses only this characteristic property that every number at in At is less than 
every number ai in A|, then for brevity we shall call such a separation a cut (Schiutt) 
and designate itby(Vi, Vj)”" Three possibilities follow from this section of the 
Rationals — (/)Ai him a greitost or (/i) As has a least or (ui) ncidier At has a 
greatest nor As a least Obviously («) and («) cannot occur simultaneously 
In ease (») or (w) occurs, tlie greatest number in At or the least in As u a rational 
number and is defined by the cut, (A i, As) When {m) occurs, Dedekind intro- 
duces the Axiom of Contmuity and the Irmtioual tiiunber x is created corresponding 
to the cut (Ai, As) The Rational and Irrational numbers defined by the cut 
(Ai, A|) of the Rationals arc culled Real Numbers and denoted by It Order in the 
set is then set up by three di’finitions, which may bo taken as three conditions, , 
it 18 established how and when x->l<y Ho then establishes his famous Theorem of 
ConHnu%iy for the Real Numbers R ’ — 

“ If the system R of all real numbers breaks up into two classes Au A) such 
that every number Xi of A | is less than every number xj of A | then there exists 
one and only one number x, by which this cut is produced.” 

The power of Dcdekind’s Theorem of Continuity lies in the following facts — 
(t) All real numbers (Gi^ x ^Qi) arc classified (2) There are just two classes — 
not more not less (3) The theorem is true in any interval of Real Numbers, closed 
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or open (4) The division into two classes is brought about by any method whatso* 
ever of division (5) There is one and only one condition on which this theorem is 
established, aside from the three, used for introducing 'order* It is for these reasons 
that it IS so widely and powerfully applied in Analysis 

MaHAJAM’S MODIinOATIOX 

I^t us now consider hlnhajam’s modiflcation of Dedekind's treatment of the 
Irrational Number This is in the form of five conditions instead of the one required 
by Dedekind He states, " Try to separate the rational numbers into two dasses — 
the lower class and the upper class (a/A) — so that they satisfy the five conditions, 
mentioned above,”* which are as follows — 

“( t ) if a belongs to the lower class so docs every number less than a, 

( i» ) if A belongs to the upper class so does every number greater than A, 
(m) every number a is less than every number A, 

(tt) numbers a and A can be found in the two classes such that (A-a) is 
less than any arbitrary fraction, 

( V ) neither the lower class (a) has a greatest nor the upper class (A) has 
a least ”* 

Later three definitions in the nature of conditions are introduced to establish 
order, thus making eight conditions in all The number of conditions imposed in a 
Theorem is a i ery important matter In general the greater the number of conditions, 
themoie limited is its application The proof, however, may become simpler Let 
118 therefore examine the five conditions leaving aside the three on * order’ 

Condition (iii) is tlic same ns Dedekind’s 

Conditions (/], (u), (tv) cannot be called conditions if by a * condition ’ we mean 
some ipiality which if not stated and demanded is not necessarily true But 
these nro easil) dcduciblc from the properties of Bational tinmbers and condition (ttt) 
Ilonco whether these are stated or not stated nothing is lost so far as the Theorem 
is concerned 

Condition (t>) is the only real modification, hence its effect on the theorem most 
be examined carefully (1) This condition is inserted to ensure "that ail the rational 
numbers except one are here classified ”* It is again stated in connection with this 
modification, “Separate the rational numbers into two classes”* But if one 
number always escapes classification, it is not a classification of all the Bational nnm- 
bers, it is a classification of all but one and this one forms a class by itself ^Diere are 
ID fact three classes Now the division of the Bational numbers (or of Beal Numbers) 
into two classes is to bo effected in de la Vallee Ponssm’s words “par on procede 
quelqonque”** whereas in Mahajani’s modificatiou, it can be produced only if a nnm* 
ber is specified In the problems that arise in Analysis where this theory is applied 
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we are senerally forced to rely upon two properties say P and Q which, as. Hardy puts 
it, ** are mutually exclusive and one of which must be possessed by nery rational 
number As a result no raitonal uumlm can escape ehissificatton and only two 
classes can arise. (2) Condition (v) is however one of the possibilities resulting from 
the section of Rational Nambors into two classes ‘par un procedo qnelqonqne,' and 
when this possibility occurs, the Irrational Number is introduced to preserve the idea 
of continuity attached to the aggregate of points forming a straight line Hence 
it IS difficult to see how (i) can be considered as a condition (3) In dealing with 
numbers, the separation into classes is limited to finite numbers, honco the set (z) 
is bounded above and below, that is to say or, z is defined over a 

closed interval It is, however, obvions that this modification cannot lie applied to 
the itoo end numbei s (4) Notice again that in dealing with the four operations 
between any two numbers Mnhajaiii removes all negative numbers from the lower 
classes “ thus leaving these classes truncated ditnng the operation ” But in the 
truncated classes thus produced, the proof is not valid when one of the 
numbers is zero (5) It is however when condition (>>) is applied to Real Numbers 
that a more serious defect is introduced It is stated in ronncctioii with the proof 
of the Theorem of Continuity of Real Numbers that “if oM is a section of tlie 
i2eafs satisfying tile conditions,’” and''Oneimf numlntt must al¥ra>s escape 
classifioatioo,” ' and again “ By modifying Dcdekind’s method in the way here 
adopted — yroaluaya get an open ent”* That is to sa}, according to Mahnjam’s 
definition of the ‘Section’ of the Real Numbers also it is required that the lower 
class should have no greatest number and the upper class no least and that one 
unmber should always escape classification It follows, however, from the nature 
of the two properties P and Q quoted above that all numbers in the closed interval 
of Real numbers are classified into two classes and consequently one 
of the sections must he closed Unless this happens the theorem is not applicnble in 
Analysis. This is confirmed by the following fact — 

The very first theorem m Analysis to which the Theorem on Continuity is 
applied by Mahajam is in the Theory of Limits, to prove ‘the existence of a least 
among all upper bounds of an aggregate ’* In proiiug this theorem Mabajani does 
not use his own modification of Dedekind’s section of Real Numbers, but applies 
Dedekind’s method I quote from Mahajam’ — 

“ All Real Numbers are now classified in this mode of partition and wo iiavo a 
Dedekiud section, whose upper class consists of the upper bounds of (z) 

Observe now that it is impossible in tins case for the lower class to possess 
a greatest number . 

It follows, therefore, that as the lower class of the Dcdckmd section has no 
greatest, the upper class must possess a least” 
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Note that hero Mahajani is Inyini; emphasis on the last sentence, that is to 
say, one of the classes must bo closed, hence both me not open This » contrary 
to condition (v) This is precisely the weakness in Mnhajani’s modification of 
Dedekind’s Theorom as applied to Real Nombers. 

Bromwk h'b Mopipioatiom 

Maliajani * states “ Broniwieh niints tlic fifth condition which appears to bo 
essential'' As a mattei of fact, ^LthlJnnl’H hist four conditions arc exactly the 
same ns Bromwich’s' four conditions and the fifth is also implied b> Bromwich 
[n fact Bromwich states in connection with his modified form of Dedekiiid’s defiiii* 
tion “ Suppose that a classification of the Rntioiinl Numbers has the following 
jiroperties — 

( 1 ) If a belongs to the lower class, so does e\er} mtioiml number less than a 

( 2 ) If A belongs to the upper class, so docs (\er} rational number greater 
than A , 

( 1 ) every number a is loss than every iiiiinber \ , 

( 4 l numbers A, a eau be found in the two classes siu h that \-a is less than 
an arbitral*) rational f motion 

Such a elnssificntion defines a single nuiubfr, rational nr irrational For an) 
rational number V which does not belong to either class must he between the two 
classes Consequently nut more than one rational number can escape classificatiou 
If there is one such number, the classification may be regarded as defining that 
number, but if there is no rational number which escapes classification we ha>c 
obtained a Dcdekind section and have therefore defined an irrational number"^ 

The dc finition of the section and the axiom in regard to irrational numbers 
must lead to the Theorem of Coutimnty of the Real Numbers, that is, if the 
section 18 applied to Real Numbers, one and only one real number should exist 
which 18 cither the greatest in the lower class or the least in the upper It is this 
the(»em which is applied in Analysis Bromwich has not utilised hu modification 
to establish this Theorem His section of Rationnl Nntnbcrs allows the possibility 
of one Rational Number escaping classification Hence his section also could 
not be npphed to the problems that nnso in Annhsis 

Dkfinition of thp Sj-ctiov of Rationat NrMBPRS AAP Axiom op 

(’oNTivirm 

Hie following treatment of Dedekind's Theor) (which in essence is tlie same 
as Dedekind's) is given, in which onl) two conditions are used to establuh the set 
of Real Numbers, 'order' it, and to prove the Theorem of rontmiiity of Real Numbers 

(CScontained in) 
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Given any nrransenient by which the xotof Rational Numbers (r), (Gt ^ r £ Oi), 
u divided into two classes (in the sense, not more nor loss), (ri ) iiid (r^ ) such that 
every ri C (ri) < every ri C (r*), then cither 

(1) there exists a (in the, sense, one and only one) Rational Number Rn 
such that 

(») ri S Rj, <r, 
or (*») ri < Hu Sr* 

or (2) no such rational exists, in which case wo uitrodnco the Irrational number R'l j 
such tiuit (Axiom of Continuity) 

ri<R'f,<i» 

The nambersRii and R'lt together form tlio set of Real Numbers 72 or (x) 
The following Theorems are easily dediicible — 

(1) The set 72 IS ‘ordered’ 

(2) (Dcdokiud’s Theorem of Coiitiimity) Any scimration Qf 72 into two olasses 
(xi) and (xt) such that every xi<xt, produces no discoiitiiiuity , i e one and only 
one Renl Number Xit exists by whieh this sepamtiuu is produced, such that it is 
either the greatest of the lower class or the least of the upper The advantages of 
this method consist — 

(1) in tliat the number of conditions is reduced to only two, 

(2) (and perhaps also) in the simple manner in which the definition of the 
section and the axiom are stated here 
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NKW AVIAN TRKMATODES (FAMILY DTPL08T0MIDAE) 
raOM INDIAN BIRDS 

BV li. D VlDYABTHI 

Z<>OlXWY DKPARTMrVT UHUKRBITY OF Al I AHARAR 
Communicated by Dr H R. Mehra 
Ucoeived July 8S, 1938 
SUMMARY 

Koiir new gpccica of aviuii tnmntodca bcloiigiiiK to the family Diploatomidae hare boen 
dcscrilMid in this pa|>er 


1 Poslhodiplosiomum botaun ii sp (Fig 1) 

Host Botaurug stellaris, siuu]) intestine. 

Ixwnlity Allahabnd, U P , India 

Body 1 248-1 446 m leiitith Forebody flatteneil with foliate lateral luarBins 
slightly incurved ventmlly, 0 72-0 092 long and 0 7-0 72 broad, hindbody oylindncal, 
broad in the centre and tnrrow at tlie two ends, nearly half the length of forebody, 
niensnnng 0 48-0 57 x 0 256 0 386 in sire Suckers feebly developed and sphenca) 
Oral sucker terminal, 0 03-0 04 in diameter Acetabulum, 018 in duimeter, 
situated close behind middle third of forebody Holdfast organ 0 128-0 176 long, 
0224-0228 broad, elliptical in outline, and situated 0121 behind acetabulum 
Adhesive gland, composed of two ccHnlar masses, situated posterodorsal 
to holdfast organ Protiliarynx very short, 001 in length, pharynx, 003 0 045 
long and 0036-0046 broad Oesophagus fairly long, 0084-0102, intes- 
tinal caeca pass ventmlly over gonads in hindbody and terminate a little in front of 
genital atnum 

Gonads in anterior two-tliird part of hindbody Anterior testis a syinmetncal 
and wedge-shaped, 0144-0176 long and 0192-024 broad, situated in left half, 
posterior testis symmctncal, roughly horseshoe-shaped witli the two limbs directed 
antenad, msf^riug 0156-032 in length and 0096 in breadth Meblis gland and 
vitelline reservoir intertcsticular Vcsicnla seminatis feebly developed, sightly 
coiled and situated posterodorsal to second testis Ovary 0064-0096 long and 0066- 
0 128 broad, in anterior quarter of hindbody, usually a little nearer left tlian ri^t 
Uterus extends forwards to near body constriction , the narrow terminal portion 
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of the deecenditiK limb along with dietnl part of the ejacnlatory duct, opens at 
the apex of the genital cono Bursa copulatiix prominent Ollb-015 long and 
0*23^ 30 broad, more or less cup-shaped but incomplete ventmlly, enclosing the 



Kir 1 

Foiihodiploslomum holavri n sp 

Aui, Acetabnlnm , AthsU adhesixe glmid , b top, Boma ropnlatnx D»j, Ductus 
(4aeulatorlns , , Ejaculatory ponih , 0 (I (ilnmliilnr tin's O < Oemtal cone, Op, Ociiital 

pore, Bf Holdfast organ, Int, Inti'siinal cactnin OS OnU siukir, Ot», OcsopluiKUS , 
Op, Ovary, f'k, Pharynx, Ttot, Testis, Vt, rttrns, V ttm, Vunuiln stimnaUs VU, 
Vitdhria, Vit r*a, Vitelline reservoir 
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centrally situnted genital cone of 0116 x 006 Bize Vitellarift folhcolari exteudnnt 
antenorly to about midday between acetabulum and intestinal fork and posteriorly 
to gub*cnudal region , follicles sparsely distnbuted in hindbody Ova yellowish 
opcrculato and 0 08 x 0 064 in size, , a little smaller than ovary 

RrniaHs —The present species differs from P grande (Dicsing 1860) Dubois 
1036, P tmp) aeptiiiatnm Dubois 1934, and P mtaomeya Dubois 1930 in sue of 
the body, ratio in tlic length of fore and hind parts, and in the form size and iiosition 
of the gonads It is separaU'd from P muninum (MaoCallum, 1931) Duboia 
1036, on account of the large size of the body and the suckers, and the topography 
of the genital organs Ihc sticcus, Neodtplostotnvm ouhtlmigtm Noble 1036, is 
assigned to tbe genus Posfhodiplos/omutu Dubois on account of the presence of a 
Iiromincnt bursa topiilatnx — a feature whith alone distinguishes it from tbe closely 
allied genus Neodtplofito-mmu 'ihe new s|)ccics P hotatni n sp stands closest to 
P Luitcida (y Nordinaiin) and P mehdongtmi (Noble, 1986) on account of tlie 
form and si/c of the bod}, loi'ation of tbe acetabulum, and position of the gonads 
It, however, differs from them iii the position and shape of tbe testes, extent and 
concentration of the vitelline follicles and size of the ova 

2 Neodtploatomum mebtamum ii sp (Fig 2) 

Host Haltacehia leucoryphue, small intestine. 

Locality Allahabad, U P , India. 

Bod}, 5-6 long, distinctly marked off into fore and hind parts and armed with 
mmute bnckwnrdly directed spines from anterior end to the level or tlie ovary 
Forebody 2 4-2 9 long, 1 263-2 6 broad, pynform with lateral margins in-rolled 
ventrally and united behind holdfast organ llindbody club-shaped, 2 28-2 97 long 
with maximum width of 1 23-1 34 across the sub-caudal region and shortest width 
of 0 48-0 8 ]ust in front of ovary 

Suckers feebly developed. Oral sucker terminal, broader than long and 006- 
007 X 009-0 11 in size Acetabulum spherical, 0 1-0 11 in diameter and situated a 
little in front of middle of forebody Holdfast organ prominent, highly protrusible, 
elliptical 111 outlmc and a little more than one-third as long as forebody, measuring 
08-0867 X 056-072 in size Adhesive gland situated posterodorsal to holdfast 
organ Preplinrynx extremely small, 0034 long, visible in sections only Pharynx 
oval, elongated, 0 072-0 116 x 007-011 Oesophagus 0016-0 02 long, caeca simple, 
ending blindly with swollen ends a little in front of genital |K>rc 

Testes tandem, postovarian, transversely elongated and slightly constricted 
in the middle, witli their ends bent vcntnill}, iiicasiiring 035-0*48 X 0836-0 08 in 
Size Vesicnla scmtnalis feebly developed, poat-teslicnlar Genital pore median 
and dorsal, near posterior end of body Ovary transversely ovoid, situated a little 
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behind body constnctioD, mcasunnK 0 2-0 dS long nod 0 41(>-0 536 broad Ootype 
oomplex interteaticular Vitollnria profuse in both body regions, extending from 
midway between acetabulum and pharynx to genital pore , vitelline follicles small and 



Fig 2 

N$odtplo8iomum mehraunm n sp Lettering same os in Fig 1 

spherical in front of and lntcmll> to holdf ist organ but those oieriapping the latter 
are largei massive, transversely elongated and arranged parallel to one another. 
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ViteUino follicles in bindbody disposed in two bnmd longitudinal areas, ons on 
eaoli side of uterus Uterus well developed, extending antenorly to body conatrio-^ 
tion Eggs oval, yellowish, tlun-shelled and operculate, 00334>005 x 0*064 in bu& 
Rematks — The new species differs from spa/Z/n/ae/hrme (Brandes, 1891) 
Bailliet 1010, and iyr spotAu/n (Creplin, 1829) La Rue 1626, in possessing a luddfast 
onpin without pnpillated internal margin In the peonluir shape and laige size of the 
body and presence of a singularly small noAiabuIum it differs from N kashmtnanum 
Fnnst 1927 N cochleare (Krause, 1015) La Rue 1026, N atttnualum (v Linstow, 
1906) Ija Rue 1926, N pMudoaitenmhim (Dubois, 1927) yumagoti 1934, N perledutn 
Cuiren 1920, V laetdum La Rue and Bosmn 1927, N butastunnum (Tubangni, 
1032) Dubois 1036, and X tyteiise Pntwardban 1935 It is separated from N dhueonu 
Tubangui 1933, on account of the much smaller size of the body, difference in the 
ratio in length of fore and hind tmrts and from N pamdospathida (Braudes, 1890) 
t’lurea 1928, and iV pai aapnihula Noble 1036, in tlie fonn and size of the body, 
distribution of tlie vitelline follicles, presence of the outicular spines and larger 
size of the gonads The account of the two Russian species, N fungiUndes 
Semcuow 1027, and N iiio) ohellotdea Semenow 1927, is not available to me 


d Neodtploatomumlatite!Hi.ep (Fig 3) 

Host £lai ccppps mfvus, small intestine 
Ixicality Allahabad, U India 

Body 2 528-3 70 long and distinctly divided into fore and hind parts Cnticle 
armed with very minute spines from anterior end to the level of the acetabulum. 
Forebody flattened wiUi lateral margins inrolled ventrally and united behind hold- 
fast organ, measuring 1 056-2 064 in length and 1 04-1 712 in width Hindbody 
cyliudncal, nearly os long ns forebody, measuring 1 312-1 712 x 0*8 in size. In some 
abnormal specimens the forebody has I — 12 small, spherical, glandular areas of 
0 08-0 192 diameter, which ho in dense mass of vitelline follicles, holdfast organ, or 
on the foliate lateral maigins. Oral sucker sphencal, termuial and 0 08 m diameter 
Acetabulum transversely oval, partly covered witb vitelline follicles, 0*08-0092 in 
length, 0 096-0 144 in width and situated medially at the end of antenor-third of fore- 
body Pharynx barrel-shaped, 0096-0128 x 0064-0006 in size. Oesophagus 005-0 08 
long , intestinal caeca simple terminating with swollen ends a little in front of genital 
pore. Holdfast organ elongate oval, 0448-08 x 032-069 in size and situated 018 
behind aoetabulnm 

Testes tandem, immediately post-ovanan Anterior testis somewhat wedge- 
shaped, 032-0368x0 644-0912 iii size, posterior testis more or loss diimb-bell- 
shaped,(f2884) 416 x 0 544-0002 Vesiciila aemiiialis 8-«(mped, situated posterodoraal 
to holdfast organ Ovary sub-median, transversely elongated, 0’84)‘24xff3584)6 
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in sixe and ntoated close behind body constriction Ootype complex intertcsti- 
cnlnr VitelliinA well developed, espccuilly in forebody where the vitelline follicles 
are extensively distributed, extending to near midway between acetabulum and 
pharynx, in bindbody vitelline follicles occupy most of the space not otherwise 
occupied by the reproductive organs, reaching to near the genital pore Eggs 
yellow, thin-shelled and opcrculate measuring 0090x0048 in size 



Fig 3 


NfodtploaUmiitm laruet n sp Lettering same as in Fig 1 
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Reniarka — Of nil tho npccien N lartm n sp stands nearest to N iyUnse 
Patwardhan 1036, on account of the shape and size of the body, position of the 
acetabulum and the ({eneml topography of the genital organs It, however, differs 
from it in tlic extent of the vitcllnna, shape and size of the holdbiat onpin, size 
of the gonads, position of tho genital pore As Patwardhan describes the 
species from only one immature specimen, the size of the ova conld not be 
compared 


4 Crassiptnala ert'yhfmnm n sp (fig 4) 

Host Cef'yle reuhs f(*Mromo/anaio, small intestine. 

Locality Allahabad, U P, India 

Body 1 44-1 648 in length and distinctl) divided into fore and hind parts 
Fortbody short, urn-shaped, feebly muscular, 032-0416 in length and 0270-082 in 
maximum vndth across holdfast organ Hindbody rylindneal, nearly three times 
as long as forcbody, measuring 1 12-1 232 in length and 0 272-0 32 in width Oral 
sucker small and terminal, 00176-0025 long and 0024-0025 broad Acetabulum 
absent Holdfast organ intercaccal, ePiptical or spherical iii outline, 0060-0112 in 
diameter and situated a little behind equator of forebody Adhesive gland cells 
diffused around holdfast organ Pharynx longer than broad, 0021x0018-0023 
Oesophagus 0 039-0 016 long Intestinal caeca simple, extremely tbm walled and 
narrow, passing laterally and dorsally to holdfast organ, curving ventrally in hindbody 
and extending along ventral body wall to posterior margin of second testis 

Gonads in posterior two-third part of hindbody Testes tandem, postKivanan 
and massive Anterior testis kidney-shaped, 0 176-0 224 long and 0 208 broad , 
posterior testis larger, broadly bilobato and 0280-0290x0192 in size Vesicula 
seminalisl arge slightly coiled, situated behmd second testis. Ejaculatory pouch 
prominent Ovary 0064-008 x 008-0088, oval to spherical in outline, situated 
nearer right side and definitely dorsal in position Ascending uterus passes to left 
side of ovary, makes an abrupt loop ventrally to loft side at about midway between 
ovary and body constriction and then bends to contiiiuo backwards as descending 
uterus along ventral body wall Genital cono present. Genital atnum small, 
enclojiing a muscular genital bulb Genital pore tenuuinl Vitellana profuse, 
exclusive!} confined to hindbody, extending from body constriction to half the length 
of ejaculatory pouch and especially concentrated in cxtracaccal areas. Ova ycllow- 
uh, operciilatc 0 04-0 08 in size 

Remarks —The new species differs from Crasstphtala dmiteulata (Rudo1|dii, 
1810) Dubois 1032, C gractlts (Yamaguti, 1934) Dubois 1934, and C eodileartforms 
(Yamaguti, 1934) Dubois 1934, in smaller size of the body and the oral suoker, 
^absence of the acetabulum, more forward position of the gonads, smaller size of the 
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ovil, and in the antonor limit of the vltdlaiia bat in the latter eharaoter from the 
first two species only. It is separated from C mrMophtu (Hogget, 1927) Hnnter 
1933, on account of the smaller size of the body, abeenoe of the *neok reidon' and 
acetabulum and the smaller size of the ova. G. eerjfhforam n. sp. stands closest to 
C buVfoglosm v Haitsma 1926, on account of the abeenoe of the aoetabnliun position 
of the Konads in the postenor two-third part of the hindbody and the extent of the 
vitellana, but differs in the form of the body, difference in the ratio in the lensth of 
fore and hind parts and laigfer size of oral snoker, pharynx and ova 

1 am much indebted to Dr H. R. Mohra for his valnablo help and (piidance 
and to Dr D R Blinttnehnr>n for laboratory facilities in the department 

Jteffi'eneea 

1 Bmndcs, U (1891) Zool Jahrh , SuMt 

2 Cinrea, I (IQJO) Arek Roum PaOta m -TSb 

n Do (1028) BM Btelian 8*., 11, 12 

4 Dttbou, O (1927) J?mU Sot Rtutkata Set Bat , 1, 33. 44 

5 Do (1936) Ret Sui Zool,^2,SSl-^ 

0. Do. (1036) Re* Sat Zotl , 42, 1-10 

7 Do. (1930) W, 43.607-616 

a Faust, E. C (1927) B#e iad Jfas , 29, 216-227 
9 Haitama, J P Van (1926) Trane Amere Mieroe See., 44, 121—131 

10 Hunter, (1 W (19131 Paraettet 86,610-617 

11 Krause, B. (1014) Zeiteehr f wi«tMMe4 , 112, 93— 23a 
18. LaBue, Q B. (1920) Praas ^Msra Mieree 9«e. 46^ 11— 19, 
la La Bua O R and Boama, N G (1027) Jonr Paraettet., 14 , 124 
14. Noble, A E (1936) Jour ParaeUel., 22, 817-264. 

]& Patwardhan S M (1936) Pree Jndtan AeoZ BeU, % 81—35 
It Tubanfpii, MA (1932) PAM Joer Bel. 5,309-404 
17 Do. (1933) />Af2 Jour Sri, t, 107-19a 



THE SOLUTION OP CERTAIN TYPES OP DIFFERENTIAL 

EQUATIONS 

By A. C Bakeoui amd P. L. Bhatnaoab 

MlTHfitflTIGB DJU’jkBTM£NT, iLLAHABAD UmVKBBJTY 
Bccctved August 22, 1038 

eUUMABY 

In this pnper, the Difibrential Equations 

Mid *? + » ■ 

have been sohed In cast of the second v<}Uation the diftoronl Lases arising by taking different signs 
of ^ and 0 have been dealt B ith at length and the coiTes}K»nduig pnuuthc in each case is given 
separately 

1 There are two types of differential equations, namely, 

(1) 

and (2) - 4P*c*x*c^*** W*0 

where c and P are conatants, which may have wide application in Theoretical Phyuce 
Equations o{ the type 

-c*x** yasO 

have been solved by A B. Forsyth and others by means of Definite Integral method 
We may now ((eneralise the method and obtain the solutions for the equations given 
above It ^ believed that the solutions of the equations of these t}pes have not 
been obtained before. 

2. Let us take the equation 



To solve this, let us assume 

ya:Je~^Pdp, 

wfaeie t denotes an unknown fniiction of » alone and P an unknown function of p 
alooe^ both of these fnnotions and the limits of integration have to be detonumed 
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DiHeixiituitinu; the value of y twice witli re^iieot to x and eubHtituting in the 
e^juitioi), we bad 

[ P [p* [^)’ + l-t*x’*] dp- P P (1) 

(JhooBe the uuknown fiiiittion t such that 




Thw gi\ ea 


izs ^ - x^^yffhexe m^in+1 

iu+l m 


X ui 

Ihc equation (2), after multiplying by and substituting the lalues of ^ aud 

U*i , . 

ucconicb 

m P (p»-l) f + Pdp-(Mi-l) Je'P* Pp rfp=0 (2) 

Intcgmtiiig the Brst term iti (2) b} porta and rearraogiug the terms we get 
- H<P (p*-l) j+ [*'* |P(p*”"l)} + ^P-(>«--l)Ppjdp*'0(3) 

I'he (>(|iialiun (3) will be identically satished if we put 

IK [p (p’-l)]+ ®* P~(/«-]) Pp = 0 . (J) 

ful oil values of p included between the hunts of lutcgrutiuii given by 

[c-i*' P{p*-1)]=0 (5) 

Un blight leduction (4) becoinc'i 


^ I m+J_ 3p j* _ 3 1 , 

w» L 3 p*-l 2mt p*“ld^ 


iSulving the above oi|uation we get 


- V (p-1) I ■^'”*’*/(p+l)" \ 


(p+1) 


A, being an arbitrary constaut and (5) on substitution becomes 

- i_ / + l j. »*_ I t_ i w -t-I g* \ . 

a Hi ^ ip- i) \ ’2in 2m*t f (p-rlt I 2 im I 
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which oa solviug xive* three roota, namelyi 

p= oo, p=i aiidps 

provided 

m+l 


-1 


and 


1 - 




X 

2n?t 

* 

(6) 

-1 



(7) 


On aunphficatioa (b) and (7) become respectively 


nc 


und 





HC 

But if n and e are both positive and 

contained in the former 


Now the solution 

the equation will be 


(p-ir ip+lYdp+Bi 

where 


^ «+2 

-1 

[ ,.+4+ f-x'-'*} 

**“ 2(« + 2)‘ 

V- 1 

^ , 2 l-lel-- 

H + i X f 

2(n+2) 1 


Uf c and x being positive and these three quantities are connected by the relation 

2 

X > 

in 

i We shall now take the e<iuation 

+ u=0 

To solve this, let ns assume as before 
y=Je ^Pdp, 

where i denotes an unknown function of x alone mid P an unknown function of 
p alone, bptb of these functions and the limits of integration have to be determined. 
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Differentiating y twice and BnbstitatinK in the equation, we get 

Je +l-4^*e'x*e^^dp- Je ^Pp^dp-0 

Choose the function t such that 




This inves 


|^ = 2P»'“(1+2P*-) 

Substituting the values of ^ and in (8) it becomes 

y^eiv' - mpy-^yi,c-'‘wp- p ^,=0 

Integrating the Brst term in (9), we get 




^'^Ptdp 


(l+SPa-*)® ^PpAdpssO . 


The equation (10) will be idcnticnliy satiafied if 

if 1 **2^0* — 

for all values of p included between the limits of mtegration given by 

[«■'' P(p*-1)] =0 (12) 

On slight reduction (11) becomes 

T “ 

Solving the above equation we have 

11-20** e-'*"’ I I 1-20**, e'^ \ 

\ Tpi* •‘•spi?; 

P*A{p-l) (p+1) -0» » (18> 
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wh«re A u an arbitrarjr constant On substitntioK the value of P m (12) we get 


r l+2ga!* 1 J ) 

-km'*** / . 

e (p— 1) (p+1) =0 . 


(13) 


Owe A.— Taking {} and c both positive, the equation (13) gives the following 
roote as limits 



(fl) 

psoo, 

p=l and 

pss 

if 


(l+2p3:*) > 



(6) 

p SS OO 

find p = 

-h 

if 


(I+2Pr’) = 



(f) 

P = ~, 

p S= —CO 

and 

if 


(1+2Px*)<''2^ 



Owe B —Taking 8 positive and e negative, (say) equal to -n whore n is positive, 
the equation (13) gives the following limits — 



(«) 

pat — oo, p=l Jind p=s ~1, 

if 


tt+2p.-) > - 


(W 

pas — oo nud p — 1> 

if 




(f) 

}is — oo, p«l tind p« ®o. 

if 


. 

1+2P,' < -jpj-- 


Com C— Taking p negntuo and equal to -/>, whore h is positive 
and e podtive, (IS) gives the following limits » 
in) pMoe, p« — oo and p= — 1, 
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(If) pnoo and 

TakinsP negative, (8a>) equal to where h le positive and r 
iioantivo, (sn>) equal to —a, whore a is positive, the oqimtioii (13) gives the following 
limits — 




(a) p=s —CO, p=l and p= 
to* 

b - (1 -='-•) 

(h) p=s— <» and 

Now the pnmitivoa in tlie different cases are gii en ns follows — 
(\tse A — p and e are positive 

(n) When (l+2p**)> ^ , 


-1 


+ B 


e (p-1) 


\ 4P**'“ 8P 


‘■c 

(b) Whou(l+2pz*)»^"* 

?/«A, f (p+1) 

•* _ j p— 1 dp 

The other intetpral does not exist 
(<•) When (l + 2p**)< 



] 

[i-2p*v r'**’ 1 


^ (p + 1) 

1 4P*’^ + 8p*«eM^p 

1 

8P*ot* j 

^P+1) ^ 

1 -2P** . e“^** 1 
4P«* ’*‘8p*^ 


no convergent integral is obtained. In the integral whose limits are 
and —1, the integrand diverges very rapidly as p approaches —oo In the 
second integral whose limits are —1 and p— 1» is within the range of 
integration and the power of (p— 1) in the integrand is negative and numerically 
greater than unity 



01 


THB SOLOTION OP OSRTAIN TYPX8 OF DIFFBRBNTIAI^ XQVATIOBB 


Case B — p 18 positive and c is negative (« — a) 

(ff) When(l + 2P**) > '’"f* , 

2p/i 




H . 1L-2S»'+ 

i l-2p** 


tf=Ai 

”l 

t 4px* 

8p^o** J 

dp 

+ Bi j 

, il-28x* 1 ( 

e'^ (/'— 1) (p+1) 

1 -2p** 
4Pa* “ 

e-^ 1 

8P*o** 1 , 

dp 


— eo 


(b) when 


The other intecnral does not exist 
(c) When 


(l+2px*) < 



both the uteKtals do not omst 

OasfB C and D — When P is negative, 
to be divergent 


primitives in both the cases are found 
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ANNOTATED LIST OF THE HELMINT'HS RECORDED EROItf 
DOMESTICATED ANIMALS OF BURMA 
PART I— TREMATODA 

By R. C Chattbbji 

Hll MINTHOI/MICAL iNBTiTOTa, UNIVIttSITY Of RaNOOON 
Oommumcated by Dr H B. Mehn 
Beceived Angoat 23, 1938 
SUMMARY 

An attonipt hu been made in this paper to furnish an np>to-date list of the helminth parasites of 
domestkated animals of Burma Important and controTersial points in tho structures and lifo- 
histones of some of dieso parasites have also been dealt with 

Intbodwction 

Not much 18 known about the worms pnmsitisinii: domesticated animals 
m Burma The wide vanety of helminths and the importance of the annual loss 
caused by their presence has attracted very little attention Apart from the sporadic 
mention of one or the other form of parasite by a few veterinary workers, until 
very recently the subject was totally neglected The first investigation was made 
by Evans and Rennie (1908, 1909), who published two papers Oii * Notes on some 
parasites in Burma,' which embodied tho accounts of the common nmphistomes 
of cattle and elephants and two other trematodes — Kurytrema panermUeum from 
cattle and Fasetoia jarksom from elephant — and in which no mention was made of 
the Ceatoda and Nematoda. Subsequently Gaiger (1910, 1916), u his two check- 
lists of the parasites of domesticated animals of India, mentioned a few common 
forms present in Bnrma. No attempt at systematic study was made till 1922 when 
F^f MefnPtt, as Professor of Biology in the University of Rangoon, with the 

W 
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oollnboration of his staff and others, beftnn a comprehensive survey of the helminth 
fauna and the problems connected with it,* 

The heavy toll that pamsitisni takes annually from the domesticated animals 
in Burma in the form of loss of life is alarming, but its baneful influence on the 
remaining stock can hardly be ignored by the hetmmthologist Thousands of such 
animals labour under a continuous inefficiency due to parasitism, though they may 
not actually die as its result Diseased stock can hardly be expected to procreate 
healthy offspring and hence this original inefficiency is, in most coses, perpetuated 
or accentuated from generation to generation, senonsly lessening the ontpnt It 
should always be borne in mind that helminths are specially injurious to young 
stock, stunting their growth and redncing their vitality Timely diagnosis and 
regular treatment when combiued will go a long way towards avoiding heavy finanoud 
losses. If the damage done by helminths could be expressed in money values the 
pressing need for their eradication would be recognised immodmtely as urgent for 
the economic welfare of mankind in general It is with a view to furnish an up-to- 
date list of the helminth pnra^tes of domesticated animals of Burma and with the 
object of dealing with important and controversial points in the stniotnres and 
life-histones of some of these parasites that Uio present work is undertaken The 
matenal has been chiefly obtained from the slaughter-houses of Rangoon and the 
near vicinity Animals have also been dissected from time to time in ^e laboratory 
of the Institute and worms collected It is much regretted tlmt, owing to lack of 
material, in the present aoeount very little on equine parasites can be reported. The 
animals chiefly studied have been elephant (Elephas miutmast), cattle (Boa tndteua), 
goat (Cnpra htrevs), aheep (Orta artea), pig (5ti« er*atatua)f dog (Ciuua famahan^, oat 
(Felifl eo/us), fowl ( Oallua giMita), duok (Atuta boaehaa domeattea) and pigeon (Ckdutnba 
Itvta dotneaUca) In the present and die subsequent lists the following terms are used 
with reference to the occurrence of the parasites with respect to their hosts rare to 
mean approximately 1%, occasional 10%, frequent 25%, common 50%, and usual 80% 

Systbiiatio 

Class TEEMATODA Budolphi 1808 
Order Digenen v Beneden 1858 

Suborder Prosostomata Odhner 1905 
Family Fasciolidne Ballliet 1895. 

Subfamily FasoiohoB Stiles and Hassall 1898. 

Feueaoltt Lmnaus 1768. 

Foaewia htpaitea launtsos 17684^ 

* Very noen^ when the present work wse In ptegr e ee Bhattachstya (1037) pubUehed two 
eheqk-uste, ooo on Trematoda sao Odods sod the other on Nemstoda. 

t. The names adopted for the hosts an those given in ‘ Xa^ of 7«rte6rsf *4 AMmaU,' Vol, 1 
JSoohig^ Bodety of London, Centenary BdiU^ 

I Met fmiad by anther 
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Host Sheep, goat 
Location Liver and bile-dncts 

This species is reported by vanons authors (Neumann 190G, Evans and Bennie 
1906, Bhattacharjeo 1<)37) from the bile-ducts of sheep and gout, but no ease has 
been observed either by Bhalcrao (1024, 140) or by workers m the university 

Fasctola fpganhca Cobbold 1885l 
Host Cattle, buffalo 
Location Liver and bilc-ducts 

Common Recorded by several authors from Biimia 



Fig 1 

Fawiola jwktom (Dorsal view) 
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T<\taaola jadcsom Cobboid 1869 

Hont Elephant 

Location Liver, bile*duot8 and dnodeiium 

In previous descriptions no mention is made of the ‘eephaiio cone^ 
and the * shoulder ’ that are conspioaons in the present fonas collected in Banna. 
As tlie usual figure given in helmintholi^y books is that of Cobboid (1882| 
pi 24, fig 12) which docs not show these structures, an original fignre is appended 
Beported by various authors from Burma 

Subfamily Fnsciolopsinne Odhuer 1910 
Fasetoltfpsts Looss 1899 
Faactolopafa buakt (Lankcstcr 1867) 

Host Pig 

Location Intestine 

Tnfi'Ction is approximately 2-3X in healthy pigs and 5'*~7% in emaciated ones. 
As it IS the large intestinal fluke of man and the pig in Central and South China, 
Formosa, Toukin, Assam and Bengal, the presence of these worms in Burma 
suggest that there is a continuous belt from Formosa to Bengal Its occurrence in 
man iii Rangoon requires investigation Source of infection usually the water 
chestnut (Iropu natatia, T buptnoaa the latter being abundant in Burma), on the 
leaves and nuts of which the cercanae usually encyst Recorded previously by 
Blialerao (1924, 140 , 1926, 292) 

Family Dicrocoelitdae Odhner 1910 
Subfamily Dicrocoeliinae Looss 1899 
Eurytrema Looss 1907 
Euryirema panneattcum (Janson 1889} 

Host Cattle. 

Ijocation Pancreatie and bile-ducts. 

Usual, but according to Evans and Bennie only common Rosy red to brick 
red in colour when alive Siee varuible, depending ou degrees of maturity and 
extension and contraction of body during fixation Length of mature specimens 
3—16 mm., maximum breadth 0 528—8 6 mm Body thick and provided with spines, 
which are often lost m adults Suckers large; oral larger, equal to, or smaller than 
ventral Postenor end of cirrus sac slightly anterior or posterior to the anterior 
margin of ventral sucker 

Bhalemo (1936, 163-180) maintains the specific identity of E dot;** despite the 
contention of Parvis (1931, 583-684) that it i» synonymous with E panereoUeum 
The three important cbaraoters on which E diqw is based are the possession of 
cotiealar scales, a ventral sucker largw than the oral, and the failure of the cirrus 
Sac to reach anterior margin of the ventral sucker Another character, of but slight 
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importoitofl in systematic dassiflcation bnt eonndered important by Bhalerao, is the 
absence of the opening of Laurer’s canal in B dnjn and ito presence in E panel ealtcuin 
Apwt from the existence of a pore it is often dilBouIt to find the canal itself In 
some of the larger specimens 1 could see something like an opening at tlie end of the 
lanrer’s canal, but whether it be a true opening I hesitate to say definitely With 
regard to the other points of difference, that Bhalerao himself does not consider tlie 
relative sue of ventral and oral suckers as valid character seems obvious from Ins 
recent statements on E pancreaticum from Hyderabad and Bengal respectively 
III the larger specimens from Hyderabad ho mentions that the oral sucker was 
distinctly laitEcr than the ventral, whereas in the material from Bengal the ventral 
sucker was larger thnn the oral It seems then that in E pancreaticum the ventral 
sneker may be either equal to, or smaller or larger, than the oral and therefore E 
dcgti cannot be regarded ns distinct by reason of its ventral sucker being larger 
thnn its oral To this attention was drawn by Kvans and Bennie as early as 1908 
(pp 20) wherein they mention a ventral sucker “ usually larger than tliat of 
the anterior sin ker, but in a number of specimens the reverse is to bo seen " The 
extent of the cirrus sac m Kurytremn is also not an important character, ns could 
be seen from the great variation in sue m the specimens collected in Rangoon it 
varies with the amount of contraction and expansion of the body and the technique 
employed during fixation 'Ihe presence or absence of cuticular scales or spines in 
Eui ytrema also does not appear to be of any importance to the author, since in a 
large variety of trematodes it is known, that though they may be present in }ounger 
forms, they are shed in the fully grown specimens Their absence is also known in 
case of material that has been preserved for a long time, and whoso identity is 
undoubted Therefore, the author feels that there is no justification in maintaining 
E dagti as distinct from E panci eaUeum Reported by several authors from 
Burma. 


Family Lcpodormatidae Luhe 1901 
Subfamily Prosthogoniroinae Luhe 1909 
Prwikogommua Luhe 1899 
I*rmthogontmm Sp 

Host Fowl 

Location Egg 

Bieceittly a specimon has been obtained by Mr S Singh of Mandalay Agneui- 
tnre Coliege from the egg of a Rhode Island Red hen belonging to the Agncultural 
Fsim The specimen had been kept long in saline before Singh’s attention was 
drawn towards it and a part of it near anterior region had been damaged. The 
spaetmen definitely belongs to the genus Pronthogontnim, but in view of the damaged 
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condition of tiin ipeoinien it in not poanUo to Mninn It to any of tbo doao rib o d 
species. 


Funily Echinostomidae Diets 1900 
Subfamily E^inostomiaae Odhner 1910 
Ethtnoatoma Bndolphi 1809 
Kchtnostoma rerolutum (Ftohoh 1802) 

Host Duck 

Location Caeca and rectum. 

First record of this parasite from Bunoa. Eighteen out of foiiyseveo ducks 
examined were infected with this parasite, the number ranging usually from 3— 8, 
rarely less or more, but never exceeding more than 14. Specimens from caeca are 
larger and hence older thnit those from rectum A Jnrge number of new apeows 
(definitely eleven and eight questionable) haa been created which difTer from the 
present one mainly in the nrrangement of ooilar-spniea and slight variation in the 
topography of the oigans sfiecinlly the extension of tlie cirrus sac with reflect to vential 
sucker Though Uie hosts in many cases arc different, in all probabUity these new 
species are syiion) mous with the present form There is a wide range of liosts and a 
great variation in body dimensions. Length 10 — 22 mm and tlie mrrus eac in some 
oases extends slightly posterior to anterior maigin of the veutml sucker 

Subfamily HmaaMtim Odhner 1910 
l^tryphoaiomum Diets 1909 
Pai ypMmioiiium mfrari^fex (I^ne 1916) 

Host Pig 

LoeatKHi Intestiue. 

Common The parasite is ( hiefly reported from pigs of Assam and Bunna 
but a case of human infection is also re|>orted from Assam Whether men in Burma 
are susceptible to infection by this parasite is a problem of public health importance. 

Bhnlerao ( 1924, 143—146 ) desenbed as Tutifrondosa ertaiabt, from pigs of 
Bnngooii, some trematode parasites, which in all essential obaracters resemble 
Eai-yphostontuvi aufrartyfer (Lane 1915), the chief differences in the two forms 
being the presence of a receptacolum semiois and the absence of a ‘ head-collar ' in 
the former No importance can be attached to the shape of the excretory vesicle, 
which he desenbed as a pear-shaped organ instead of Y-sbnped In mature and 
fixed specimens the two limbs of the Y appear inconspiooou% due to the profuse 
development of vitellana in their vicinity, and unless very carefully examined the 
excretory bladder appears pear-shaped. The mention of a reoeptaonlum semiuis m 
tbs desonpUon of T emtaia and its absence from the figure is an snigma Tbs only 
important difference left is the absence of a *beadroollar’ in T enakUa, an ovwsi^t 
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probably dae to the limited niunber oi pMantea nvailable to Bhalerao and the 
xetraoted nature of the ooilar in noet of the epeeioiena he etudied , it le diflBcnIt to 
•ee the ooUar when it u iretmoted and the anterior end o{ the body is curved ventrai- 
ly, and niso to disUiiKuish between it and the body spines, both of which are so 
well developed In this ooniiectlon Bhalcrao (1931, 476) in his description of 
Paryphostomum sufraHyfex, referring to certain speoiinoni states ‘ that it was 
difficult to make out any spines on the collar' and this was probably what had 
happened with the majority of the specimens at T ei utata he examined The writer 
has found many specimens where the anterior tip of the body curves ventrally so 
that the pharynx comes to lie at the anterior extremity and the oral sucker 
occupies the position of the idiarynx, where some of the collar spines are lost and 
others towards the body margin look like the well-developed body spines and where 
the collar, which normally looks so conspicuous from the ventral surface, is obliterated 
due to the apposition of the dorsal surface of the anterior extremit) of the body to 
the ventral Many times specimens have been obtained from pigs of Rangoon and 
in all oases careful examination showed what apparently looked like T ermtatn, was 
in reality P aufrat tyfex, commonly present in the pigs of Bengal and Assam A 
single specimen, very much distorted, left by Bhaltmo in the Helininthologioal 
Collection of the Kangooii University and some of the prepared slides which formed 
the basis of Bhalerao's description, left in the ooliection of Dr Q E Oates, revealed, 
oil careful examination, the presence of collar and colinr-sptiics There is thus no 
doubt but that Teattftomiom cnatnta of Bhalerao is synonymous with Patyphostomum 
mfrotriyfex ( Lane 1916 ) 


Family Notocotylidae Lfilie 1909 
Cntatropa Odhiier 1905 
Cntiihopit %'mnrom (Frolich 1789) 

Host Duck 

Location : Caeca. 

First record of this parasite from Burma. Nine out of fort} seven ducks 
examined were infected with this parasite, the number in ouch case obtained being 
neually but rarely 1 or os many as 12 The details of the life-history of this 
speelee is still very imperfectly known and it is doubtful whether Cet enrtn tmhneata 
Loosb 1893 IS the larval form of this trematode. Ssidat ( 1930 ) has studied the 
different larval stages passed through ttie bodies of the snail Planorbu ( Cbretus) 
eoriieua The minioidiain developB into a aporooyat which gives rise to redme The 
oeroarioe have three eye-spots and ou leaving the snail usually encyst on water plants 
or snails, etc., which when ingested by the fuial host develop into mature worms 
Witiitii s short tune after infection 



100 


BOQIiOCIT B. « OHAnWtf I 


iWinily SohiBtosooiidM Loom 1890. 

Sablamily Sohistoaominae StOoB and Haaaall 1808. 

Sdnstoaoma Weinland 1858 
Sefnatoeoma bona (Sonamo 1876) 

Host Cattle. 

Location Meaenteno vein 

Fanat (1921) regarda Ceieana oetadena, a pharyngeal bravifiircate diatoma 
corcnna, aa the larva of S. bona wbereaa all other larvae of tfaia bunily are aphnrya* 
geal Recorded previonaly by Bhattachaiiee (1937). 

Family Paramphiatomldae Flaohoeder 1901 
Subfamily Paramphiatominae Fiaohoeder 1001 
Paramphtatomum Fiachoeder 1901 

The apoctea of thia genua require reviaion The deacfiptionB of Paramphtato- 
tnum mtcroon Raliliet 1924 and P birmtenaa Railliet 1924 are too inadequate for 
recognition while the opening of Lnurcr*8 canal as a apecMo distinction, though 
valid theoretically, leaves much to be desired from the praotioal standpoint of 
identification 


Paramphtatomum btrmume Bailliet 1924* 

Host Cattle 

Location Bile-ducts 

Recorded by Evans and Ronnie (1908 Amphiatome No 3) and Railliet (1924) 

Paramphtatomum eat ct (Zeder 1790) 

Host Cattle, goat 

Location Rumen, bilo-ducta. 

Usual Rao and Ayyar (1932, 402 — 405) claim to have found cercanae of P 
eet rt from ludoplanorbta eruahia which are identical with Oereanae tndteaa xxvi 
Sewell 1922 These cercanae when fed to a calf developed to P earn, but the 
wnter’s careful examination of the forma obtained after expenmental feeding of the 
encysted cercanae of Cmanae ttidteae xxvi Sewell 1922 to goats showed that what 
apparently looked like a Paramphtatomum was in reality a Coiyiophoron (Bee 
dlscuaaion under Cotylophoron eotylophorum ) Recorded previously by Evans and 
Ronnie (1908), Bhalerao (1924) and Bhattaobarjee 1930, 1937) 

Paramphtatomum expkmahm (Creplin 1849). 

Host Cattle, biifTala 

Locatioa Stomach 

First record cf this parasite ^ip Bqmu|, 
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I\m^ntph%atomum nucroon Railliet 1924* 

Hoet Cattle, buffalo 
Location Caeoum 

Beocrdod b> Rvnns and Rennie (1908 Amphistome No 2) and Railliet (1924) 

Fiaramphtato^num ortbocoelmm Fuchoedcr 1001 * 

Host Cattle 

Location Rumen 

Recorded by (Jaiger (1910, 1915) 

Colylophoron Stiles and Ooldborger 1910 
Ooiylophoron cotyfop/iot urn (Fischocder 1901) 

Host Cattle, buffalo, goat, sheep 
Location Rumen 

Common Opinions seem to differ ns to the advisability of considering C 
ituHam Stiles and Goldbcrger (1910) a distinct species from C coiylophorum 
Maplestono (192*3, 161), Fiikui (1029, 319), Travnssos (1931, 37) and Ne\ eu-Lemairo 
(1937, 138) consider 0 tndicum as a synonym of C cotylopboruin whereas Stunkard 
(1926, 138), and Bennett (1936, 03) are inclined to consider C tiultenm as a 
distinct species Unless further evidence be produced it is the view of the writer 
that C tndteum is a synonym of G cotyU^honim. 

In India and Burma chief intermediate host is Indoplamrbis exuaftts The 
ccrcaria can easily be distinguished from that of P cerrt by its smaller size, shorter 

tail and particularly by the presence of evaginations one median near the middle 

of the body and a lateral pair immediately posterior to the eyes arising from the 

excretory vessels The cercanae encyst on vegetation and the metacercana lives 
over three months On being swallowed by the final host the encysted ccrcariae are 
liberated in the intestine from where they afteiwards migrate forward to rumen and 
reticnlum where they grow into adults. Bennett (1936, 77 — 78) considers all the 
amphistome corcanno described by Sewell in the ‘Pigiuentata’ group different from 
tiiose of C coiylophoi nm and he claims that tins is the first description of the larval 
form The present wnter (1931, 177—179) conducted experiments on goats with 
cysts of Cercar%ae tndicae xxvi Sowell 1922 encysted on leaves. Unfortunately the 
hosts died before the worms could mature and the >oiing amphistomes so obtained 
resembled Baramphistomum in general appearance Study of stained specimens and 
serial sections of these young worms revealed, even at this early stage of development^ 
the presence of a genital sucker — a character that chiefly differentiates a 
Ootylophoron from a Paiamplnsiomum Whether these young worms are to develop 
mto Cotyhphoron aoiylophnrum or some other species of the genus I hesitate to say, 
but knowing that there is only one species of Colylophoron reported from cattle 
and goats of India and Burma and that too in all probability Coiylophoron 
F 8 
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eotylopkot'tim the author feels convinced that Cnvnrtae truiteoe xxvl Sewell 
1932 u a larval form of Colylophoron eotylophorttm and the minor differences 
pointed out by Bennett (1936, 77-78) such as the differences in size of snckeis 
and oesophagus and the degree of development of genitalia are all variations 
found in tlie successive stages of development. Recorded previously by 
Bhffttncharjeo (1937) 

Subfamily Gastrothylaxinae Stiles and Ooldberger 1910 
Gastt othylar Pomer 1883. 

Oastrothytax o umentfer (Crcplin 1847) 

Host Cattle, buffalo, goat. 

Location Rumen 

Deep claret when fresh. Length 9 — 18 mm, breadtli 4 — 5 mm Recorded 
previously by Gaiger U915), Bhalerao (1936; and Bhattachnr]oe (1937) 

Fturhofdet lus Stiles and Goldbcrger 1910 
Fischoedeiifn ehngahut (Poiner 1883) 

Host Cattle 

Location Rumen 

Deep claret when fresh Length showing extreme variation, 6 — 20 mm. , 
breadth smaller than Oaatrothyhx erummtfer, 2-3 mm Rao and Ayyar (1932, 
405) consider Chfccnne tudfcoe XXIX Sewell 1922, which are usually obtained from 
the snails Ltmmca aewnmaia, L swanea and Oyraulus euphraitnts to be the 
larval form of this piurasite Recorded provionsly by Bhattneharjeo (1937) 

Subfamily Cladorchinae Ftsekoeder 1901 
Paeudodwua Sonsino 1895 
Psfudodiacua eollmst (Oobbold 1875) 

Host Elephant 

Location Large intestine 

Though this parasite is mainly reported from Equidae, in Burma it has only 
been recorded from the elephant Recorded previously by Bhalerao (1935) and 
Bhattacharjee (1937) 

Hatokesttia Stiles and Ooldberger 1910 
Hatokeatita hawkeat (Cobbold 1875) 

Host Elephant 

Location Colon 

Recorded previously by several authors from Burma. 
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Pfendmns Stiloa and Gk>ldberger 1910 

Pfmde}%us paptllam (Cobbold 1882) 

Hoat Elephant 

Location Colon 

Recorded previously by Bhaiemo (192b) and Blinttneharjeo (1937) 
J^amily GnsirodiBCidnc Btilcs and Ooldbciver 1910 

Gdsi) odtHcm lieiiokiirt 1877 

Onhlrodfsciis Hecwnlm Looss BH)7 

Host Horse 

Location Large intestine 

Recorded by several authors fiom Burma. 

(hi^hodiit^^oideH I^upcr 1913 

(iasfiodiHcoiilis honnms (Lewis and McConiitl 187b) 

Host Pig 

Location Iiitist ne 

First record of this parasite fioin Ritrtnu Infeition is approxiinately 2-3% 
The parasite is also reported from caecum of man specuilly from Assam where it 
causes inflammation of the mucosa with attendant symptoms of diarrhoea No 
human case is yet reported from Burma but their presence in pigs appears to 
be of public liealth imixirtance 

Homalogaxier Poirier 1883 

IlomalogaHtcr yalontae Poirier 1883 

Host (^attlo 

liocation Large intestine 

Reported by Evans and Ronnie (1908, 13 — 15), 1 case in 280, from uittle brought 
from Mandalay to Mayniyo The writer obtained more than 1000 from a single ox 
from Kamayut. 

1 take the present opportunit> of expressing my tiianhs to Mr R Claike 

Gio\er, M R.C V 8 for the gift of sficcimrns which have* materinll) assisted in the 
preparation of this paper and to Prof Meggitt for the invaluable help and assistance 
he unfailingly extends to me in my work My thanks aic also due to Dr G E 
Gates for the loan of Hpecunens of (Lane 1915), which 

formed the basis of Blmlerao^s description of leMifiondosn mstata 
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COMPOSITION OF PATENT STH/L MOLASSES FUSEL 
OIL OF INDIAN ORIGIN, PART I 

By SncniBHUsAN Durr 

Ohbmuitry I>icfautmbmt, Uhivbrrity op Aiiahauad 
Itoccived An(^8t 25, 1038 
BUMMARY 

Indian molaasea (uael oil obtained from the Patent Btili Diatillory at lloan, BhalijLluinpur 
Uuoni^ the courteiy of Mcaara Carew A Co,, vaa cxhaiiativcly examined and fractionally diatillcd 
bundreda of timea, whereby it waa rcaolved into the following: coiMtitucnta — 

Ethyl alcohol, Taoprop}! alcohol, n prop) I alcoliol, iNobnty) alcohol n butyl alcohol, an'ondary 
butyl alcohol, iaoainyl alcohol, hexyl alcohol 'normal), octyl alcohol (normal), furfural, acetal, 
ethyl laobutyiate, water uiid a aolid cryatalline hydrocarbon 0)oH«o, M P 82 C 

There arc alao aonic baaic conatitucnte in the oil yircacnt m very minute quaiititiea which 
could not bo laolatod in aiifllcicnt quantitiea for ocparation into coiiatitiicnts But never the lena 
they were found from qimlitative examination to belong to the pyndino Rroiip of heterocyclic 
compoouda Ihe cryatalhno hydrocarbon which had a chnractcnatii oiloiir having a diatant rcncin 
blauce to petitgrain oil haa a aingle double i»nd in the molecule ua fuiiiid from the iodine \nlue 
The compound appeara to bo identical with Meleat demribcfl in literature and which naa prtvionaly 
obtained only from aynthctif aourLca Ita exiatcnce in molaaaca fnael oil is \cry intcrcating 

Fuael oil obtained ns a hiRh'botliiig residue in the distillation of spirit from 
various fermented liquors, c grape yiiicc, potato mash, malt wort, diluted enne nnd 
beet molasses have been investigated by a large number of workers, such as 
Le Bel,* Rabuteau,* Ordonneau," Windish,* Dupre,* and others and amongst the 
sabstances obtained from the fusel oil arc ethyl alcohol, ii-propyl alcohol, n-butyl 
alcohol, iBobutyl alcohol, tertiary butyl alcohol, n-amy I alcohol, isoiunyl ahohol, 
n>hexyl alcohol, n-heptyl-aloohol, furfural, esters of aliphatic at ids, pyridine bases 
and water Isopropyl alcohol was reported m potato fusel oil by Rabiiteau, but 
was not conflnnod by later workers The principal alcohols obtained from cane 
molasses fusel oil arc the isoamyl alcohol, butyl and isobuty I alcohols, and ii>propyl 
alcohol Iso-propyl alcohol, obtained in largo proportions from this substance 
in the present investigation, therefore constitutes a marked departure from the 
results of previous workers Otlier substances that arc also being ri iiorted for the 
first Ume in cane molasses fusel oil arc primary octyl alcohol, acetal, ethyl isobuty rate 
and a hydrocarbon, ^raeleiie" with a molecular formula OjoUao The occurrence of 
this hydrocarbon is exceedingly interesting This substance has perhaps been formed 
from the waxes in the cane which were transmitted to the molasses and from there to 
the fusel oil after reduction during the fermentative procosa Ita presence in the 
fusel oil 18 accounted for due to its volatility in the vapours of the higher alcohols 
and also in steam under increased pressure 
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Molasses fusel oil also contains small quantities of organic acids and amongst 
them only acetic, butyric and oenanthic acids could be detected qualitatively due to 
the minute proportion present Most of the alcohol fractions that have been isolated 
also contain aldehydes in very small proportions not exceeding 20 parts in 100,000 
They have also esters in traces mixed with them, the ester value varying between 
60 to 00 per 100,000 Furfural has been isolated in a pure state from molasses fnsel 
oil which was not done by any previous worker N-octyl alcohol has been found to 
be present in molasses fusel oil in comparatively largo proportions and has got a ftoral 
smell in high dilutions 

ExPEniMBNTAI. 

Molasses fusel oil, as obtained from the patent still of Messrs Carew & Co 
at Rosa (Shajehanpur), was a light creatn-coloiired and slightly opalescent liquid 
possessing a peculiar obaractonstic odour The liquid had a specific gravity of 
0 9982 at 25*0, and was weekly acidic in reaction The substance was fractionally 
distilled in one litre lots with the help of two fractioniiting ooliunns, one of Glinsky^s 
pattern, 16 inches long and provided widi five bulbs and four glass ball traps and the 
other of Young^s pattern, 21 inches tong and filled with bits of glass tubes one 
centimeter long and throe millimeter in external diameter A double surface glass 
condenser 18 inches long was used along ynfh the distilling apparatus for the 
condensation of the various fractions The following table will indicate the results 
obtained 

Table I 

Batch I Total quantity taken = one litre 


Fraction No 

Roihns range 

(Quantity of distillate 

1 


12 cc. 

2 

80-90*C 

100 cc. 

3 

90-96*C 

202 C.C 

4 

95-100*C 

34 c c. 

5 

100-105 C 

16 cc 

6 

105-110’C 

16 cc. 

7 

110-120*C 

24 cc. 

8 

120-126*0 

204 cc. 

« 

126-130*0 

328 oc 

10 Residue boiltni; above 130*C 

60 cc 

11 Expenmental loss 


4cc 


Total 1000 0 c 

Fraction Nos 1, 2, 3, and 4 were united together, when the mixture separated 
into two layers, A and B They were separated and fractionated again 
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TahU IJ 

A Total quantity =248 c c 


Fraction No 

Boiling range 

Quantity 

1 

75-79*C 

4 oc 

2 

80-84’C 

9 cc 

3 

86-89 C 

210 c c 

4 

90-94*0 

12 oc 

5 

95 100 C 

11 0 0 

h 

Losr 

2 c c 


Total 

Tnitle III 

B Total quantity =100 oc 

248 c c 

Fraction No 

Boiling range 

Quantity 

1 

80-84*C 

11 cc 

2 

8 )-89 C 

2 cc 

3 

00-94*0 

2 C.C 

4 

96-100*0 

7() CC. 

6 

101-104*0 

nil 

0 

105-109*0 

1 CC 

7 

110-119*0 

1 cc 

8 

120-126*0 

2 cc 

9 

120-131*0 

4 cc 

10 

Loss 

1 cc 


Total 

100 cc. 


A second lot of 1000 c c was similarly distilled and also n third lot of the same 
quantity The various fractions boilini; at definite ranges were muted together and 
refractioimted after dehydration where necessary, with the result given in table IV 
Altogether 52 fractionations were done for Batch No 1, although only 14 are 
recorded here 


Tahle IV 

Total quantity taken = 1000 c c 


Fraction No 

Boiling range 

Quantit) 

Constituent 

1 

75-79*0 

3 cc 

ethyl alcohol 

2 

80-82’C 

4 oc 

ethyl alcohol-isopropyl 
alcohol mixture 

3 

83-87*0 

231 0.0, 

isopropyl alcohol 

4 

90-96*0 

6 cc 

isopropyl-n-propyl al- 
cohol mixture. 
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Fraction No 

Boiling range 

Quantity 

Oonstitaent 

6 

96-98*0 

31 0 0. 

n-propyl alcohol 

6 

99-100*0 

68 0.0 

water 

7 

101-106*0 

8 ox 

aoetal 

8 

106-109*0 

14 CO. 

iBobutyl alcohol 

9 

110- 112*0 

8 C.C. 

ethyl isobntyrate 

10 

116-119*0 

29 oc 

n-biityl alcohol 

11 

120-127*0 

8 oc. 

n-butyl-isoamyl- 

12 

128-131*0 

668 0 0 

alcohol mixture 
isoamyl alcohol 

13 

Ultimate residue not 
boiling at 150*0 

22 c a 


14 

Loss 

10 O.C 



Total 

1000 o«c 



The ultimate rostdiio on allowitiK to stand, deposited a crystalline mn8s(l 6 gm) 
which on recr} stallisation from boiling alcohol was obtained in the form of snow-white 
prismatic noodles melting at 62*C Elementary analysis pointed it out to be a 
hydrocarbon and determumtion of the unsaturntion indicated the presence of one 
double bond in the molecule The substance hud moat of the properties of solid 
paraffin and burnt with a luminous flame emanating the odour of burning candle 
Reference to literature indicated its identity with the hydrocarbon ‘melene’ (Pound 
C, 85 42, II, 14 48, M W , by Rust’s camphor method, 418 C«oHao rsquires C, 
85 71, H, 142 9, M W,420) 

The mother liquor from the above crystalline mass was fractionated with a short 
column and separated into the following fractions — 

Table V 


Total quantity — 18 c c 


Fraction No 

Boiling range 

Quantity of distillate 

Oom position 

1 

155-158 0 

4 00 

n-Hexyl alcohol 

2 

160-163*0 

2 c 0 

Furfural 

3 

172-175*0 

3 CO 

n-Heptyl alcohol 

4 

197-200*0 

85 c c 

n-Octyl alcohol 

6 

Loss 

05 00 

Total . 18 0 0 



Most of the alcohols were identified by formatum of the p-nitrobenzoio ester 
with p-mtro-benzoyl chloride or dimtro-beozoio ester witli 3 6-dinitro-benaoio acid. 
In many CMses they were identified by formation of the corresponding acid by 
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oxidation with potassium permanganuto and preparation of the silver salt, amide or 
the anilide of the corresponding acid 

Two more batches of fusel oils wore fractionated in the same way ns given in 
the foregoing experiments for batch No 1, and all the three sets of flnni results of 
fractional distillation of patent still inolassos fusel oil are given in tlie following 
table (No VI) 


7WWe VI 


Nnrae of constituent 

Boiling 

range 

•c 

Correct 

BP 

'C 

M P of deri- 
vative 

*C 

Batch 

I(%) 

Batch 

II (%) 

Batch 

in (%) 

Eth} 1 alcohol 

77-79 

78 

t66 

12 

13 

1*2 

Isoprop)! alcohol 

83-86 

84 

*62 

238 

158 

17 6 

n-Propyl alcohol 

90-98 

‘)7 

*73 

3*8 

2*3 

32 

Water 

99-100 

100 


62 

6*9 

67 

Aoctal 

103-105 

104 


06 

18 

16 

Isobutyl alcohol 

108-108 

108 

*83 

18 

19 

18 

Ethyl-isobutymto 

109-111 

no 


0 7 

08 

07 

n-Bntyl alcohol 

116-118 

116 

*64 

32 

64 

50 

Isoamyl alcohol 

128-131 

129 

Siiccinato 
(BP 297) 

57 4 

617 

()09 

n-Hox) 1 alcohol 

156-168 

167 

*97 

03 

0 2 

02 

Furfural 

160-162 

161 

Phenylhydrazono 
(M P 96) 

02 

02 

01 

n-Hept) 1 alcohol 

173-176 

174 


03 

03 

02 

n-Oct> 1 alcohol 

197-200 

199 

*123 

08 

11 

07 

Mcleiio 

M.P 62 

MP 62 


006 

0 08 

004 


The author takes this opportunity of expressing bis best thanks to Messrs 
Ciirew & Co of Rosa (Shnh]ehnnpur) for sending him several consigunients of 
fusel oil 
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ON TWO NEW TREMATODES PROM INDIAN CYPRINOID PISHES 
WITH REMARKS ON THE GENUS ALLOCREADIUH LOOS8 

By B P Pande 

ZoOI/>«V DePABTMFNT, (TKtVKIWfTY OF Af f ahabad 
Gommunicated By Dr H K. Mohra 
Reorivcd October II, 

SUMMARY 

The author hoa deecnbod lo thia paper two new species of the genus AUQtr§adi%m Loose ^ 
A ^M9oihoraoi9 and A rnttAosert 

To the three species of the gonus L'^oss (1930), vis, A /lo/iAtat 

Pande (W37), A ntcolh Pando (1038), and A kosia Pande (193S), described by him 



Fig I 

Alloereadtum sehtxothoraets n 8{>. x 47 

Ac , acGtabulora, Oc , cirras sac , , egg , Op , genital pore, Ic , Inteatuial oaecnm, Occ , 

CNophagns, Oc , oral sucker, Ov^ ovary, Ph, pharynx, Sm., shell f^d mass, Sr^ seminal 
reoeptaole, 7, testis, Vii, ntdkna, 

from somo of fresh-wAter fishes, the aathor adcls m the present paper tiro more 

no 
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spdcios, A achuxoiltontcts n s]) and A mahanert n sp A brief hutonoal review of 
tbu genus has been given in one of the previously published papers. 

Host Schxxothorax mteropogm Heck 

Habitat Bmull Intestine 

Locality Snnngnr (Kashmir) 

Description —These specimens were obtained by Dr HR. Mehra at Srinagar, 
to whom my best thanks are duo for giving me this material to study and describe. 
Body oval or slightly elongated, small, with narrow anterior and broad posterior 
ends, 1 0-1 7* in length and 0 57-0 64 in breadth which is uniform behind acetabulum 
Oral sucker subternmini, nearly rounded, 018x019 in siae, prephnrynx not 
observed, pbnrjnx 008-00') ui diameter, cesophague 01-014 in length, intcstinnl 
bifurcation at one-fourth of body -length from anterior extremity and close in front 
of the acetabulum, iiitcslinnl caeca terminate n short distance in front of the 
posterior end Acetabulum sphencxd, slightly larger than oral sucker, 02 in 
diameter Kxcretory pore Uriniiml. Qenital pore median, close in front of 
intestinal bifurcation Testes nearly spherical, equal in size, 0 18-0 2 iii diameter, 
tandem or anterior testis may be slightly lateral in position, contiguous, m posterior 
half of body near its middle, currus-sac with coiled vesicula seminalis in its bnsal 
half and n small pass prostntica and a short ductus eyuculatonus surrounded by a 
few prostate glnud cells iii tiie anterior portion, extending from tlie genital pore in a 
curve around the acetabulum to some distance beyond its anterior border but never 
reaching to its centre posteriorly Ovary median, just behind tiie acetabulum, near 
the middle of the body-length, somewhat sphenuil, 014 x 015 in size, small 
rounded rcceptaculum ecminis posterolateral to o\ ary , shell-gland mass lateral to 
hiuder half of ovary, slightly anterior to roceptaculum seminis on the other 
side of the median line , uterus inauily between anterior testis and acetabulum witli a 
coil passing posteriorly beyond the anterior testis to anterior border of posterior 
testis, containing as many iis twenty-five eggs, ripe eggs 0 077 in length and 0059 in 
breadth • vitelline follicles extend from the level of posterior end of acelabuliiui to 
posterior end of body, uniting behiud the posterior testis 

Remat Is —The size of the body , sucker nitio, more postenor extent of the 
uterus in relation to the testes, comparatively larger size of the eggs in proportion to 
the body size and anterior extent of the vitellana distinguish the new species from 
the three other Alloct eadtum siiccies described by the author from some of the 
fresh-water fishes. Among the simcies of AUocreadttm known from other countries 
in which the vitellana do not extend anterior to the acetabulum, A scluxothoroeis 
n sp in the acetabulum being larger than the oral sucker resembles A transversals 
(Bud) niter Lfibc, A, fallens (Rud ) after Wallin, A ham Ozaki (after Yamaguti), 


*AI1 moaKutemenU are in mm 
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A japontcnm Ozaki (after Yamaguti^ and A df^teosomt Simer A iransrersale Is 
distmKUwhed from tlio new species on account of the lai^cor body siset 
different sucker ratio, anterior extent of the vitelinna (in trawe/saie follicle 
not reaching to the posterior level of acetabulum), and ffrentor sise of egffs. 
A pnlkns differs from the new species in the fp*eater body size, acetabulum 
bcinp: twice as lance ns the oral sucker, and ovary situated next to the testes. 
A hoHU is distintcuished from it by the larjcer size of its body, different sucker 
ratio, irrefcidarly lobed testes, slifchtly lateral genital pore, and uterine coils 
lying between anterior testis and acetabulum A japomeum can likewise be 
separated from it by the sucker ratio A* belcosomt^ which is a slightly 
smaller species, is easily separated off from tlic now S|>ecic8 on account of the 
different sucker ratio, more anterior position of its acetabulum, cirriis-sac extending 
IKisteriorly beyond centre oi the acetabulum, ovary immediately pro*testicular, uterus 
between the ovary and the acetabulum, and smaller size of its eggs 



Fir 2 


A mahasen n Sp. 

Host Jfaj Ima to) Ham 

Habitat Small Intestine 

Locality Aimora, Kumaon Hills 

Description —Body elongated, somewhat flattened dorsovontrally, with 
antenor tapering and posterior broadly rounded ends, 2 23* iii length and 0*8 in 
maximum breadth in ovarian zone Oral sucker subtermmal, slightly longer than 
broad, 0 20 x 0 25 in size , prcphaPJrnx not observed , pharynx broader than long, 
012 X Old in size, oesophagus 014 in length, dividing close in front of the 
aoetabulum , iDtestinal caeca terminate near posterior end Acetabulum sphencnl, 
nearl) equal in size to the oral sucker, 0 26 in diameter, situated slightly m front of 

*AU measurements are lo mm 
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one-third of body-length from antenor extremity Excretory pore terminal Genital 
pore anterior to luteatinal bifurcation, half-way betwcin iwstenor border of pharynx 
and anterior border of acetabulum 1 estes in posterior half of body, nearly equal in 
susc, somewhat spherical in shape, 0 82 x 0 31 in dimensions , cimis-sac elonRated, 
anterolateral to acetabulum with its greater part I}ing ventral to right intestinal 
caecum iii the region of the acetabulum but in front of acetabulum cirriis-soo 
overarches intestiunl bifurcation to open at the genital pore , vcsicula seminalis 
coiled in proximal half of cirnis-aac , well-developed prostate gland cells surrounding 
pars prostatiCA and ductus cjaoulatorius Ovary median, post-acetabular, slightly in 
front of middle of body-length, broader than long, 0 18x0 2 in sixe , transversely 
placed rccoptni ulum sciniiiis latcml in position , well-developed yolk-rcservoii 
and shell-gland cells close behind the ovary, meduiii and at the middle of body 
length , uterus between anterior testis and acetabulum, containing 80—35 eggs , ripe 
eggs 0 08 in length and 0 050 in breadth , vitelline follicles extending from near the 
antenor level of acetabulum to the extreme posterior end of the body, muting 
posteriorly behind posterior testis. 

Itemarhs — This species, in the nearly equal sixe of its suckers, resembles the 
species, A isopomm niid A lobaium, but it is distinguished from them b> tlie 
anterior extent of vitellarm A rmItasennHp is separated from A nttolh, wiUi 
which It agrees m the antenor extent of the vitellaria, on account of the smaller size 
of Its body , nearly equal suckers , more forward position of the genital pore in 
relation to the intestinal bifurcation , testes being in tandem and contiguous , absence 
of utonno cod extending posteriorly beyond antenor border of anterior testis , and 
larger size of its eggs A kosta is a much larger species than A mahaacit aud 
diflTers from it on account of the sucker ratio, position of the genital pore just below 
intestinal bifurcation , posterior testis longer than the anterior one , extent of the 
cirrus-sae , more antenor position of the acctabuluin, ovary and laterally situated 
shell gland muss , more postenor extent of the utenne coils in relation to the anterior 
testis , vitelluie follicles extending up to the middle of the acetabulum, and smaller 
Icngtli of its eggs From A haiidiat it is distinguished, among other characters, by 
the smaller size of its body , nearly equal suckers , more anterior extent of the vitel- 
lana , median position of the ovary , extent and position of the cimis-sac , and smaller 
size of its eggs A schtiothoracta differs from A mahnsertnap on account of 
the smaller sue of the body , acetabiilutn larger than the oral sucker , more postenor 
extentoftlie uterus, and viteliino follicles extending aotcnorly only to the hinder 
border of tho aoetabulnm 

Keniarks on the genus Alloa eadtum 

From a study of those live speoies and others known m this genus the author 
considers that the char ictors of these forms which show marked differeuocs are the 
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position of die genital pore, length of the oesophagus, posterior extent df the eirnw* 
sac, anterior extent of the vitelline follicles, and posterior extent of the uterus lu 
some of these species one or more of these characters are so distmot that 
systematists might be led into creating higher systematic units for them But 
such a separation is likely to lead to confusion and is not possible m view of the 
fact that these characters arc not really so clear-cut and tend to intcrgmdc This 
becomes evident when a larger number of species is taken into account and the 
diiTcrcnccs shown by them in the above-mentioned characters compared together 
Thus, die genital pore is situated near the intcstinnl bifurcation in a large number 
of species varying in position, in front of it as in mahasert, below it as in 
ItOSM, and immediately posterior to it as in paetuiotnhnt, while in tefalun 
and hnndiat it lies much behind the intestinal bifurcation , (esophagus bifurcates 
close in front of the acetabulum in achuoUtoraets, imhasen, or much in front 
of it as in utalan and liandini, tho cirrus-sac may extend posteriorly to 
the anterior border of acetabulum as in handmt, slightly beyond it ns in sehixo- 
ifmaets, or may extend further backward as to ho slightly beyond its 
hinder margin ns in kosia , vitclluic follicles may commence behind the acetabulum 
ns in lumdmt and taopoi urn, from tho posterior end of the ncetabulum ns in 
mhiwthotacts, from the middle of the acetabulum as in Aom, from tho antenor end 
of the acetabulum ns in maiiasen, from the posterior margin of oral sucker ns in 
pa< ndoti itom , uterine coils in most of the species ho between antenor testis and 
acetabulum, e g , loltaUtm, hatuhat, mahasert, psendolntotit, etc while they have 
been seen to extend backwards ns far ns middle of anterior testis in nteolli and kotna 
and to antenor border of posterior testu in schixothoraeu It may bo noted that if 
the ( liiimcter of the distribution of tho vitelline folholos is taken into account m 
futfudolntom and letnlui i— species resembling in the anterior extent of tho vitellnria 
in front of the acetabulum, the difference in the position of their genital pores— much 
behind the intestinal bifurcation in the latter will bo found to be present in handtm 
— a species with vitelline follicles commencing behind acetabulum It will thus be 
evident that the species of Allocteadtum cannot bo separated into generic or 
subgonenc groups A revision of the gciicno diagnosis has, therefore, become 
necessary to accommodate the siiecics that have been added since the setting up of 
tho genus 

Dtagnoms —‘Small to mcdium-siiscd Allocrcadiinte , oral snekrr larger or 
smaller than acetabulum, or equal in size, prepharynx present or absent, pharynx 
well-developed , oesophagus when present, short or long, intestinal bifurcation close 
in front of the acetabulum, or much in front of it, intestinal oaeoa reaching to near 
posterior end of body , excretory pore termina] or subterminal , sac-shaped excretory 
bleddcr variable in length , genital pore ventral, median or slightly lateral, between 
pharynx and central sucker , testes lobed or entire, postovanan, tandem orsltghdy 
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(d>}{qae in position, in posterior half of body, cimis-Boo with coiled Fesiouin 
seminalis, pars prostatioa, ductus ojaculatortos, and prostate gland cells, reaching 
posteriorly to anterior border, or centre, or near hinder end of acetabulum , ovary 
nearly rounded, dorsal,' between anterior testis and acetabulnm, receptaciiinm 
seminis well-developed, in level with or posterior to ovary , Laurcr’s canal and shell 
gland mass present , uterus with few to many eggs, usually coiled between anterior 
testis and acetabulum, sometimes extending posteriorly ns far as anterior border of 
postenor testis and lateral to it, matraterai may be present, eggs 001-01‘J'i by 
0 016-0 1 in size, Vitollaria mostly lateral, overlapping caeca, united in post-testicnlnr 
space, cdmmoncing from posterior margin of oral sucker or from iiitestiiial bifurcation 
or acetabulum or behind acetabulum from the ovarian zone , parasites of hslics and 
salamander , type-specios, A vioporttm (Looss, 1894) 

The author is greatly indebted to Dr H R Mehra for his mnn> valuable 
suggestions and helpful criticisms 
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A NEW 8TRIGEID TREMATODE OP THE GENUS CRASSIPHIALA 
V HAITSMA, 1026 (FAMILY DIPLOSTOMIDiE roiBIEB) 

FROM AN INDIAN KING-FISHER 

By B P Pajidb 

7ooi/)oy T)bpartmrst, UinyBRsmr or AiiiAHAnAD 

CflinmniiicAUjd by Dr H B Mehm 
Received October 11, |S38 

SUMMARY 

A new stn^eid trematode of the Ronus Oraunphinla V Hmtiimn, 1025 (hunily Dii>lo«tomid«i 
Poirier) from un Indian King fiaher has been dearnlicd and its rclatlonahipa have been 
diacnaacd 

The memboKi of the Kcnns O aastpluaJa are pnmBitic in Kin((-fishera Van 
Hiutanoa (1936) erected this genus to include C bttlhogUma from the bolted King- 
fisher, Ceryle aleyon Hunter (1933) found, dunng feeding experiments with belted 
King-fishors, Sti eptoco'yle alcyon, that the stngeid metacerenna, Neasrus amblo~ 
pltfta, Hughes, encountered in the small blockbass, develops into a species of 
Ot'OSinphtala, C amblophits and also gave an account of the morphology of the 
adult ot tlie second species of Crasstphtala These stngeid trematodes were placed 
in the subfamily Polycotyline of the family Stngcida) In regard to the presence 
of a well-developed acetabulum in amblophtts, reported to be of n rudimentary 
nature in the generic diagnosis, a reference to the amendment ot the diagnosis for 
inclusion of species with acetabulum was made by Hunter Dubois (1933) removed 
the snbfamily Polycotyliiiso from the Stngeidss to the family Alanide In 1934 
the genus CraastpJmla was revised by Dubois who also gave a detailed desenpbon 
of C dentieulaia (Riidolpln) from Alcedo $sptda Harwood (1936) reporting 
C amblophHs from the intcstiue of Megaceryle alcyon, has given a key for the 
separation of the species included in Crasnphuila which includes, besides the 
three species enumerated above, C gracUta (Yamaguti) and 0 eoehleanformta, 
(Yamaguti) The genua Oraatiphtala, following Dubois (1036), is assigned to 
the Bub-eubfamily Crassiphialmi of Dubois under Diplostomidm 

Dunng the examination of King-fishers at Allahabad, an apparently new 
species of the genus Crampktala was found in the small intestuie of Haleyon 
smyrenna fuaca^ the white-breasted King-fisher, and is described below 

116 
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Fkully Diplostomidse Poirier 
Subfiinaiy Diploitominffi Monticelh 
Aob-snbiiiiiiily Cnumphialini Duboia. 
Genas Cmsttphtaia Vnii Hnitsnui 


Cmastphtala stunkarth ii sp 




Fig 1 Fig 3 

Craastpktala tittmkardi C stnnkardt, dorsnll} 
n sp , laterally flattened flattened specimen 
specimen 



Pig 3 

Sagittal section of 
C siunkardt through teati- 
culnr and post-testicuinr 
regions showing the ejacu- 
latory pouch, vesicuta 
scminalis, genital cone, 
and the genital bnib in 
the atnum 


A 0 , aoetabalnm, 19, egg, Spn eiaeuUtory pouch, Oa, genital atriam, , genital bulb, 
Os, genital oone, H/, hold-fast organ, is„ intestinal ctecom. Os, oral sueker, Ov,, ovary, Fh, 
phuyns, Om , shell (daed mass, 5s, seminal vesicle, T, testis, Vt, uterus, VU vitelline foUioles, 
Frt yelk reservoir 

Detenption divided into somowliat transparent, flattened, and spoon- 

shaped fmre-body with its margins incurved ventrally and meeting behind the 
hold-fast organ, and a cylindrical, more or less opaque hmd-body Fore-body 
0r20*'-<)^ in length and 0 2 in greatest breadth in the region of the bold-fast 


* All aesBiirements are u mm 

P. ♦ 
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Oilman , hind-body nearly twice aa lonjr os the fore-body, 0 6—07 in lengtii, and 
0 23 in (greatest breadth in the region of the poatenor teatia Oral anokec ventro- 
terminnl, 0 06 — 0 066 in size, pharynx alightly leas than half the aim of the oral 
sucker, 0 028 in diameter , nesophngiis 0 055 in length , intestinal bifnroation in 
front of the ncetnbulum, intestinal ciecn terminating near the hinder border of the 
seminal vesicle Acetabulum smaller than the oral sucker, 0038— 004 in diameter, 
situated close in front of the hold-fast organ Hold-fast organ welMeveloped, 
circular, penetrated by a cavity, and 007 — 0 09 X0 07— 01 m sue. Adhesive- 
gland not recognisable Qeiutal pore at the {losterior cxtremily, dorsal in 
t>oaition, loading into the genital atrium of nearly 0 1 length and containing a well- 
developed genital bulb ansing from its antero-veutral aspect All the genital 
glands including the vitellnria and uterine coils confined to the hind-body. Testes 
laive, somewhat bean-shaped, tandem, dorsal in position , anterior testis 0 12 in 
Icngtli and 0 10 in breadth, a tittle in front of the middle of the body-length , 
postenor testis 0 1 in length and 0 16 in breadth, close behind the antenor testis , 
vesicuia seminalis voluminous, of 007 length and 006 iii breadtli, immeduitcly 
behind the posterior testis, lateral in position, nearer the ventral body wall, and 
distal ly curving to open into tlic muscular ejaculatory pouch which is of about 0 09 
length and 0 045 in breadth and situated close behind the postenor testu immedi- 
ately below the dorsal body wall , ejaculatory pouch, distally passing through the 
genital cono, opens at its apex with the terminal portion of the uterus , genital 
cone dorsal in position to the genital bulb Ovary transversely elongated, witli 
entire margins, close in front of tho anterior tostis, median, 0 06 m length and 
0 07 in breadth , shell-gland mass and well-developed yolk-reservoir uiter-testicnlar , 
receptaculum seminis absent, initial coils of uterus servuig ns rcceptaculam eeminu 
utonnum , uterus after origin from shell-gland mass running forward on the 
ventral side near the hinder border of the ovary wherefrom, after bonding on 
Itself, continues its backward course as a more or less straight descending limb with 
tho distal end opening along with the terminal part of the ejaculatory pouch at the 
apex of the genital cone , ripe eggs 0 084 in length and 0 049 in breadth , vitollaria 
occupying almost all the available space of the hind-body, extending from the 
junction of the fore- and hind-body to the postenor extremity of the worm 

Remntka —Cramphiala atufikardt n sp in having an acetabalum resembles 
the species, C denHculata, C amblophita, C graetha and C eoehleartformta From 
detUiculata it differs in tho relative size of the fore- and hind-body, position of the 
ovary and testes, and antenor extent of the viteliana The new species is distin- 
gnished from ambloplttta by tho absence of a neok-like region in the hmd-body, 
relative sue of the fore- and hind-body, position of the testes, more anterior extent 
of the viteliana, and smaller size of its eggs C graatia is separated from atunkarda 
nsp,onaccoiintof the slender hind-body, position of the ovai 7 and testss in the 



A NfiW StRlGSlD TB8MATODK lid 

poftterioir third of the body, and rcstnctioii of the vitellaria to the posterior half 
of the body The present species differs from cochkartformut in the relative st/e 
of the fore- and hind-body, oral sucker being larger than the acetabulum, position 
of the ovary and testes, posterior extent of the vitcllana, aud smallor size of 
the eggs 

Host Halcyon smyreims fusca 
Habitat Small Intestine 
Locality Allahjibad 

The author is greatly indebted to Dr H R Mchra for hin valuable help and 
advice 
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CHEMICAL EXAMINATION OF THE ESSENTIAL OIL OF OCtMUH 

CANVM SIMS 

By Jaoat Narayan Tayal and SncmiuiDSAN Dorr 
niBUnrrsy DBPABTMBirr, Univbbhity op Ali ahabad 
Rocaved Ootobor 29, l9dB 

SUMMARY 

1 T)u Hhrub Ociitiwm oaMMM Sima (-ODtauiAonMi averaffoO? porcont oE easoutial oil, whidi 
ran be unaily removed from it by steam distillation 

2 The rectified oil of Oetmum saaMiit is a pale ydlow oil with an intense and pleasant smell of 
lemon with a touch of lavender 

1 The oil was found to contain over 08 per cent of aldehydes calculated as mtral on estimation 
by two diflcroiit methods 

i The oil was resolved into aldchydic tod non aMdtydie constituents by aqueous sodium 
bisulphite From the aldchydic portion, small quantitica of methylheptonono and eitronellal tofiethor 
with a large proportion of citral was isolated, whereas from the non-aldehydic portion, luialool, a 
mixture of geraniol and dtrondlol and also esters of these aieolKris were isolated 

5 The essential od of OeiiNitm caautR appears to bo a good source of citral from the 
commurrud point of view As it is, itconld beosodas an excellont perfamury material, having a 
persistent and ddicato fragrance. 

Octmum catmm Suns , or Mamri or Ram Tulsi as it is known m Hindustani, 
IS a strongly scented low shrub belonging to tho natural order of Labiatso It 
grows wild on tho nver banks and moist places during tho rainy season throughout 
tho United Provinces and it also grows abundantly in the foothills of Kumaun and 
Nepal The mature plants are about two feet high and are much branched and 
pubescent The plants attain maturity by about October or November, and after 
that tiiey either die out gradually or get eaten up by cattle 

The plant has been desonbed by Boxbiuigh* and also by Eirtikar and Basu,^ 
and so a descnption of the plant is omitted here Two photographs of the plant 
however are reproduced here in order to give a clear idea of the appearanoe and 
charactensties of the plant 

The plant is highly medicuud A decoction of the leaf is benedouU in 
disorders of the digestive system, partiouisrly stomseh tronbles. A paete of the 
leaves with water applied to the hands and feet in case of fever keeps the 
extremities worm The same preparation is used in various affeettons of the skin, 
web ns ringworm, scabies, ecsema Ac. with hi|ddy beneOcul results. 
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Tho plant is very rich in essential oil, the average plant containing neariy 07 per 
cent of the substance As tho osscntinl oil appears to be the main active pnnciple 
of the plant and responsible for most of its medicinal properties, it was submitted to a 
systematic chemical examination As the result of this investigation, the essential 
oil of Mamri was found to consist of about 68 per cent of aldehydes and ketones, 18 
per cent of alcohols, 5 per ceut of esters and 2 per cent of complex hydrocarbons, all 
belonging to tho tor|H)no senes A few minor constituents of the oil could not be 
projicrly isolated or identified for want of suffioieAt matenaL 

Experimental 

Cl title csf<ruhal ml of Oamtim cauum — ^Tbc essentuil oil of Octmum canum 
WHS obtained by distillation of the whole plant in lots of 6 kilos at a tunc, cut up into 
small bits by menus of a chopper, with water from a hirgo copper distillation 
apparatus of 10 litres capacity and fitted with a copper condensing worm, and 
continuing the distillation until the distiiluto which was luilky at first began to ran 
perfectly clear Tho diHtillnto (5 litres^ was shaken with petroleum ether in a large 
separating apparatus and the npiicr petroleum ether layer after dehydration was 
distilled from an eleotnc wnterbath until the solvent no longer came over Tho 
residual oil was a clear pale yellow liquid with an intense and characteristic smell of 
lemon with an appreciable note of lavender 

Crude essential oil of Octmum canum is pleasant smelling liquid which docs 
not solidify even on strong cooling It is clearly soluble in 70 per cent alcohol 
The substance contains a large proportion of citrnl, ns is evidenced by tho bict that 
when treated with scmicarbazido hydrochloride and sodium acetate m 70 per cent 
alcohol, the seniicnrbazone of citrnl (M P 136*C) crystallises out from the 
mother liquor in on yield of nearly 70 per cent With a saturated solution of sodium 
bisulphite tho crystalliiio bisulphite compound of eitral is immediately formed which 
can be recrystniliscd from hot water in glistening snowwhito spangles 

lieeltftcaitoH of the crude eeecnital of Octmum canum — 'The crude oil wns 
distilled from a small distilling flask with a short rectifying neck below the delivery 
tube at tho ordinary pressure The following fractions were collected, the mercury 
thread of tho thermometer shooting up in between the different ranges of tempera- 
tures indicated 


Table I 

Total quantity taken = 94 c c 


Fraction No 

Iknhng range 

Quantity of duibllate 

1 

Upto 130*0 

6 0.0. 

2. 

200-285*0 

82 0.0. 

8. 

265-866*0 

4 O.C. 

4. Residue (nonvolatile) 


2 0.0. 
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Fraeiton No 1 was found to be the tail fraotion of petroleum ether which 
teaaoioiuly adhered to the oil and did not distill off from the water bath 

Fraetton No 2 was the mam rectified essential oil of Oeimum eaniitn oon- 
taming citral as the main constituent. 

F'oehon No 3 was a high boilinK terpene hjdrocarbon which had properties 
closely allied to caryophylletif, and was (icrhaps identical with it, but it could not be 
definitely identified for want of an authentic sample of caryophyllene 

Fraetton No 4, that is the dark nonvolatile residue, was apimrcntly a very 
impure and complicated siibstaucc ft solidified to a resinous mass on cooling and 
standing 

Fraction No 2 was estimated for citral content by the sodium bisulphite 
method of Tiemann* and was found to oontiun 687 per cent of citral Quantitative 
estimation by the somirarbazone method also gave practically identical results 
From this it became quite evident that rectified essontiid oil of Oettnum eaninn 
contains over 30 percent of non-aldchjdic constituents which could not be satisfne- 
tonly separated by the ordinary methods of fractional distillation Chemical method 
of separation was therefore token recourse to in tlie following manner — 

82 c c of the oil was shaken in a separating funnel with a dilute solution of 
sodium bisulphite Much of the oil went into solution, but the uisoluble 

portion formed a layer on top of the aqueous solution 30 c o. of petroleum ether 
was added, and the top layer separated from the aqueous portion The former was 
thoroughly washed with water, dried and distilled from a water bath until free from 
petroleum ether This was labelled Fraetton No 3 

The aqueous layer was acidified with dilute sulphuric acid in the cold and 
extracted with petroleum ether The ethereal extract was washed with dilute sodium 
carbonate and water, dried and freed from petroleum ether on a water bath Tho 
residue was labelled Faction No 0 

Fiacltonal distillation of the non-aldehydtc pot turn (Ft action No 5) — 

Table 11 

Total quantity taken *=24 c c 


Fraction No 

Boiling range 

Quantity of distillate 

7 

170-176*C 

1 cc. 

8. 

196-200*C 

9 cc 

9. 

226-230*0 

6 cc 

la 

240-246*0 

4 cc. 

11 

266-270:C 

18 cc 

12 Residua 

Fraction No 7 could not be idenUfied. 

1 6 cc. 
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Fraetton No 8 was linalool and i^ve Identloal muedt bofltog potnt writh an 
authentic specimen of the substance. Chemical teats also pointed to Hn aaiae 
conclnsion. 

Fraetton No 9 was a mixture of Kcraniol and citronellol which could not be ae- 
pnrated by further distillntion The mixture however could be completely aoetylated 
by acetic anhydride and estimated as esters by Koettsterfer^a method 

Ft actum No 10 was a mixture of esters, most probably of geraniol and 
linalool From the ester value found by actual experiment and caloniated as 
Keranyl acetate, the product consisted of 07 2 per cent of esters. 

Fraction No 11 was pale (preen in colour, and was found to be a twpene 
hydrocarbon On account of the small quantity at our disposal, it could not be 
identified 

Fi actional distillation of the nldchydtc pottion (Fraction No 6) — 


Tidde in 

Total quantity taken = 5b c o 


iction No 

Boiling range 

Quantity 

13 

170-175*C 

2 cc. 

14 

205-216 0 

0 cc 

16 

226-230*0 

49 CO 

10 

266-2C0*C 

1 CO 

17 Residue 


06 0.0 


Fraction No 13 appeared to be methyl-hcptenone although the semicaibaaone 
prepared from it molted at 5 degrees below the molting point of pure methyl* 
heptenone*semicarbaa)ne (134*C) 

Fraetton No 14 was identified to be citronellal by formation of oitronellyl-P- 
naphthocinchoniDic acid (M P 325*C) with P-naphthylamine and pyruvic add. 

Fraetton^o IS was identified to be dtral or rather a mixture of a and 0 
citrals The semicarbaxono prepared in the usual manner melted at 186*C and the 
melting point and propertira of the substance were identical with those of oitral- 
semicaibaaone prepared from an authcntio specimen of citral obtained from Messrs 
K Merck. 

Fraetton No. 16 was a terpenc hydrocarbon which conld not ba identUled. 
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Beottfled oil of Octmum eanum tlierefore contains the following ingredients in 
the proportions indicated below, the total quantity of oil taken for analysis 
being 92 o.o 

Table IV 


Constituents 

Volume of fraction 

Percentage in the oil 

Linalool 

9 C.0 

KH) 

Esters 

4 ac 

48 

Ceraniol and citronellol 

a oc. 

73 

Methylbeptenone 

2 CaC 

24 

Citral 

49 cc 

600 

Citronellal 

6 cc 

73 

Unidentified 

4 cc 

48 

Residue 

2 ca 

24 

We beg to express our 

best thanks to Prof K P 

Chatterji for hia kind interest 


in the work. 


RefercHcet 

1 Kiitikar sad Basn (1018) iNdian M$d%tinal Plant*, 2 , 1016 

2 BozbUigh (1874) Flora India 463 

3 Tiemann (1808) Bar , 3 1. 3297 




THE 

NATIONAL ACADEMY OF SCIENCES 

INDIA 


BUSINESS MATTERS 
1938 

CONTENTS 

No _ Pagf 

1 Annual M(<>ting // 

2 Secretaries’ Report 1 

3 Address of the President — Sir Shah Sulaiman, Kt, M. A , LL D, 1) Sc 4 

4 Address of the Cnainnan — Sn Sampiimanand, M.L.A .. 21 

5 Vote of Thanks— A C Bnneiii, MA, MSo, IE.S^ and K. N Bahl, 

DPhiln DSo., Salii^m BharsaTa, MSo., and 
S Dutt, DSo^PHS 20 

6 Appendix 1— Abstract of the ProreedinKS 28 

7 Appendix 2— List of OflRco-Bearers and Members of the (Vnincil 31 

8. Appendix 3— List of Members . 32 

0 Appendix 4— last of RxohanKe-<Ioamats . 41 

10 'Appendix Oblast of Jonmals snbsonbed by the Academy 54 

11 Appendix 0— List of Papers communicated to the Acadcni> during 

January, 1938— December, 1938 ... 35 

12 Appendix 7— Financial Statement from Janiiar) 1, 1938 to Decem- 

ber 31, 1938 58 


ALLAHABAD 

PUBLISHED BY THE COUNCIL 
Pnee Ri. 2 (India) i Ri 2/8 (Forei|n) 



PATRON 


Hifl Excellency Sir Harry Haig, K.C S I , C LE , I C 8, 
Gnvnniot of iitf UmM ProvttieeK 

HONY FELLOWS 
Tbo Hoii'ble 8n Sampamanand, M L A , 

Mintsitr of Kdttrahmi, thr Untied Prfmnres 

Pandit Madan Mohan Bfniavi>n, LLD , 

Vice- Okatirellor, 

Hindu University, Benares 

BENEFACTORS 
The rtce-Chanrellor, 

Allahabad University, Allahabad 

His Exalted Highness The Nunun of Hyderabad (Deccan) 

The Hon’ble Sir Shah Mahammad Sulaiman, Kt, M A , LL D , D Sc 
Judge, Federal Court of India, Near Delhi 


ANNUAL MEETING 

The Annual Meeting of the National Academy of Sciences, India, was hold in 
the Viziaiuigram Hall, Muir College Bnildings, Allahabad, at 3 p u , on Saturday, 
February 4, 1939 The Hon’blo 8n Sainpurnnnand, BIL A , Minister of Education, the 
United Provinces, presided over the function Dr P L. Snvastava, M A , D Phil 
(Oxon ), one of the General Secretaries, presented the Annual Report of the National 
Academy of Sciences, India 

Sir Shah Muhammad Sulaiman, Kt, M An LL.D, DSo, the President of Uie 
Academy, read hia address The Hon^ble Sn Sampuniaiiand, M.LfcAn Minister of 
Education, the United Provinces, then delivered his address 

Prof A C Banerji,MA, M.8c, lES, proposed a vote of thanks to the 
Hon’ble Sri Sampiimaoand and Dr K N ^hl, DPhil, DSc, seconded the 
vote 



SECRETARIES' REPORT 


PRBsnmn at tbb Axisvkh Mrstino or the Natioeal Acapkmy or Scirhcrb, 
IrniA, OK Frbboakt 4, 1930 

By P L Shivastava, MA, DPhiu (Oxon) 

We have the honour to submit the following report on the workins of the 
Academy daring the period beginnmi; from the Ist of January, 1938, and endinK with 
the 81st of December, 1938. 

The Seventh Annual Meeting of the Academy was held on Saturday, the 6th 
March, 1938, at 3 p m. in the Vixinnaipnim Hall, Muir Central ColleKp Buildings, 
Allahabad. Pandit Jawabarlal Nehru presided over the function Dr P. h 
Srivastava, one of the General Secretaries of the Academy, presented the annual 
report 

After Prof. B Sahnl, DSc., So.D, FJ8.S.,the President of the Academy, 
had delivered his address. Pandit Jawaharlal Nehru addressed the Academy 

In connection with the annual function a popular exhibition was also arranged 
to which exhibits were sent by many prominent scientists and Government institu- 
tions of the country 

A conversaslone under the presidentship of Pandit Jawaharlal Nehru on Power 
Supply in the United Provmoes was also organised , many scientuts contributed 
papers and took part in the discussion Earlier in the day, as a part of the annual 
function, Rao Bahadur B Viswanath, FIC, FCS, delivered a lecture on 
Modem Developments in the Science of Soil and Plant Nutntion. 

We are sorry to record Uiat in the beginning of the year Prof. B. Sahnl, 
DBo., SoJ)., FJLS , expressed his inabilfty to carry on the duties of the Flresident 
of the Academy on acconot of excess of work and made a request that he may be 
relieved of the dHce The Council with great regret acceded to bis request Sir Shah 
\fi|liftmnv>d Sulaiman, Kt, M A., DL.Dn DJSo., was unanimously elected President 
of the Academy for the residue of the term 

' The departure of Prof M N Saha, DBc , FJEL8., from Allahabad, subsequent 
to his appointment as Palit Professor of IMiysios, University College of Science, 
Calcutta, has meant a great loss to the Academy The Academy not only owes its 
very existence to him, but it has also attained its present strength and status 
bemnae of bis fostering care and guidance The woi^ done by Prof Saha in 
establishing the Academy is enough to perpetuate his association with ns, the city 
<4. All»h»bi»4 and the United Plrovinoes, 
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We ore glad to be able to record that the Aondemy has made steady tiraftresa 
botli aa regards its membenbip and tbo standard of its pnblication The Academy 
has now on its rolls 176 members It is gratifying to note that our members are drawn 
from every part of the conntiy We consider the elections of His Exalted Highness 
the Ni/Jim of Hyderabad and Sir Shah Muhammad Sulaiman ns Bene&oton of the 
Academy during the year ns an event of happy niigiiry , they have donated indivi- 
dually more than one thonsand rupees to the Academy, and we hope that their 
example will be followed by others In nocordnnoe with the rules of our eonstitatlon 
wo elect out of our members a certain number as Fellows on aooonnt of their special 
distinction in scientiAc work The present number of our Fellows is 91 moluding 
2 elected during tlio year Of our members 49 are Fellows of the National 
Institute of Sciences of India. 

The Proceedings of the Academy have maintained their high reputation both 
in and outside the country The papers published m the journal have been widely 
appreciated and abstracted in all important Scientiflo Abstracts We are now 
receiving 170 foreign and Induin soientifto journals in exchange We have published 
four issues of tlie Proceedings containing 19 papers During the year under review 
the number of papers commnnioated to the Academy was 46 

It 18 a matter of special gratification that we have been able to publisb an 
important booklet containing papers communicated to the Oonverssxtone on Power 
Supply It is a very timely publication as the problem of National Planning is 
being senously investigated and it is hoped that the booklet will be found useflil 
to the specialist as well ns to the general public Oor thanks are due to tiio 
U P Government for a grant of Rs 600 towards the cost of the publication of 
the booklet 

Of the distinctions conferred on the members of the Academy may be men- 
tioned the General Presidentship of the Indian Science Congress hold dilnog the 
current year by Prof J G Ghosh, D Sc , a Fellow and a member of our Council 
Prof B Sahni, DSa, So.D., FR.Sn our outgoing President has been elected 
President of the next Indian Science Congress Prof K. N Bahl, D Phil., liBc., 
our second President has secured the rare distinction of being the first Indian to 
be admitted to the degree of Doctor of Science of the Oxford University ^Gme of 
our members have been admitted to the Fellowship of the National Institute of 
Sciences of India. Three of our members, Prof M N Saba, Prof J C Ohotii and 
Frot y B. Dubey, have been nominated members of tbe National Planning Conmiittee 
appointed by the President of the Indian National Congress It is very gratifylni^, 
indeed, to record that various Governments, tbe Indian National Congress, Indus- 
trialists, businessmen and the general public, are increasingly realitiilil the 
value of science and scientific researches for tite well-bein^ and of 

tie messes, 
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The finnnoinl position ol the Aonderay, we are sorry to say, has not been aa itound 
as one coeldl wish We are thankful to the Qovemment of the United Provincea of 
Agm and Oudh for the grant weliave been receiving from them for the last several 
years We also gratefully acknowledge the grant of Its 600 by the Impenal Council 
of Agrionltuml Research, New Delhi, for the tliud year in snccession We are 
highly indebted to His Exalted Higlmeas the Nizam of Hyderabad and Sir Shah 
Muhammad Sulaiman for their donations of Ra 1,000 and Rs. 200 respectively 
during the year We eomostiy hope that the Allahabad Municipal Board which is 
interested in the affairs of the Academy will also make a suitable grant 

The pancity of fnnds has stood in the way of enlarging our activities or taking 
up any new programme of work Our finances do not permit ns to enlarge the size 
of our proceedings or to organise a properly equipped Science Library or to open 
exchange relations with many foreign scientific societies The need for a building of 
the Academy in which we can house otir library and hold our meetings is urgently 
felt We appeal to all who consider scientific advancement aa essential to the 
country's progress to help the Academy so as to enable us to enlarge and extend its 
activities All the meetuigs of the Academy were held at Allahabad dnnng the year 
We are anzloas to hold meetings in other places as well It is hoped that with the 
increase in the number of members residing at other academic centres, the meetings 
Will in future bo held at other places also. 

The Education Minister's Gold Medal has been awarded this year to Prof 
ESahni, DSiJ., SaD, FRB, Professor of Botany, Lucknow University, for his 
paper on Materials for a Monograph of the Indian Petrified Palms 

Dr U N Chatterji continued to be the Special Officer of tlie National Academy 
of Sdenoes, Indio, throughout the year 

It is a great pleasure to us to record that the constitution of the Academy as 
drawn up by Prof Saha and his colleagues eight years ago has worked with great 
success. 

Before closing, we the General Secretaries, wish to offer our grateful thanks to 
the successive presidents, the members of Council and the general body for their active 
help and oo*operation in the discharge of our duties In their generosity they have 
allowed us to act for full four years, the maximum period permissible under the rules, 
and we thank them for this mark of confidence in ns Wo arc also grateful to 
Dr U N Chatteryi, our Special Officer, and Mr P C Mukciyee, our office clerk, for 
their zealous and ungrudging co-operation. 



ADDRESS OF THE PRESIDENT-THE ULTIMATE 
STRUCTURE OF MATTER 

Detavbbbd at tub Anmcaij Mbbtimo of the Natiohai. Aoaduit or Scnwcn, 

India, on Fbbkoart 4, 1938 

B's The Hom’ble Sir Shah Sdlaimah, Kt,, MA., LLD,, DSo. 

It is only natural to believe that the Greeks must have obtained knowledge of 
the philosophy just ns that of astronomy which had existed in the older Babylonian 
and Egyptian civilizations, with which their close contact is indUpatable 

Not only the Neopythagorean Noumenios (fr 13, R.P 024) had acknowledged 
this indebtedness to the East, but also Clement (Strom L p 8, 6 Stahlin) conceded 
this. The Encyclopedia equally admitted tiie benefits derived from Onental wiadom. 
Bailly (Letters but I’ongiiie dos sciences) agreed that the Oriental had received in 
legacy a highly advanced science from a people who had disappeared, and whom he 
however identified with the inhabitants of Plato's Atiantis Up to the 19th oentnry 
Roth and also Gladisch recognized that the Greeks owed much to the East 

Phoenictan Phuosofhebs 

The Nature philosophers of Asia Minor, from Thales (680 B C onwards, 
had pondered over the question of what the world was made of The first idea 
naturally was that there was some primary element which was the essence of all 
things 

There is the good authority of Poseidonios, quoted by Strabo (XVI, p 767) to 
prove (though attempts are now being made to deny it) that the Phoenician 
philosopher Mochu or Moschus (^r) of Sidon first onginated the atomic philosophy 
long before even the Trojan wars He is referred to in an ancient Phoenician 
history by Sanchuniathon, pubhshed by Philon of Byblos, which was used by 
Porphyry and later by Eusebios. 

That^es, who on the authority of Herodotus was undoubtedly of Phoenician 
descent, bad unquestionably introduced the Egyptian geometry and anthmetio into 
Hellas, and was certainly familiar with the Babylonian astronomical records, as he 
had predicted that a Solar eclipse would occur by a certain date m Asia Miiuv (the 
eclipse of May 28, 586 &C ) He could not possibly have located the eclipse m 
Asia Minor on the basis of Egyptian records, as has been snggested by some. 
Thales was the founder of the Milesian School and therefore the first man of Chwek 
science. Only a few fragments of his philosophy are now available , bot it is 
certain that he believed in a material cause of aU thbgs, though apparently he 
identified that with water. 


4 
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Greek PHnxwopHBBs 

Aristotle (340 &C in fnct contrasted Thales sdth Akaxiicakdxb (546 
B.C who had maintained that the primary substance was inBnite, and the 

world was an endless moss stretching out without lunit on every side ANAXnaurBS 
(526 B C held that the underlying substance was one and infinite, but 

determinate, and asserted that this primary element was air, which when rarefied 
became fire, when condensed became water, and then earth when condensed still 
more (and to hard stone if condensed still farther) 

Hbracutub (602 B.C conceived that tlie primary element was 

aetherial fire which is the fundamental stuff of which all objects are made and to 
which they all ultimately return 

Akaxagoras (540 B C an Ionian philosopher, preached that all things 

were together infinite both in number and smallness, and so there is not a least of 
what IB small, but there is always a smaller, and what is cannot cease to be by 
being cut He took a materialist view and postulated that matter was composed of 
different entities, each having different qualities The proportions in the vanoua 
ingredients may differ, but the division, no matter howsoever far it bo earned, would 
leave the {lerts similar to the whole in their contents There were no coming 
into being or passing away, but merely mingling or separation of things 

Pythagoras (630 B C dii) of Samos gave up the earlier conception of 
one single element being the basis*of all structure, and propounded that matter was 
composed of four elements. But Pj thngoras had not denied void and had in fact 
presumed the existence of a great void outside the world 

EhiPEDOCLES (460 B.C of Akrogos (believed to have been founded 

from a Rhodian colony), who belonged to the Pytliagonan School, formulated the 
conception more elaborately and regarded the Universe as consisting of four 
fundamental and eternal roots or primary elements, namely, earth, water, air and fire, 
corresponding to solid, liquid, gas, and one other still more refined kind of sabstance 
These elements were combined under divine powers By a variety of combinations 
the different types of matter were formed These four elements were believed to 
be derived from the four fundamental qualities — hot, cold, wet and dry The trans- 
formation of substances from one kind to another convmced the ancient philosophers 
of the indestructibility of matter 

The Greek philosopher Leucippus (o^t-y*) gnve definite shape to the Atomic 
tiieory in the 5th century B.C and assumed innumerable and ever-moving atoms. 
With infinite forms. He laid down that the substance of the atoms was compact 
and fall (** what is **}, while they moved in the void (** what is not **) both being 
equally real 

His pupil Demoobitub (,^1|lt|<t), more fafuous than his master, consolidated 
the theory known after his name about 420 B.C Th^ atoms of Demoentns, as 
F 8 



( 6 ) 


handed down to posterity by EricimuB (341—' 270 B.C and LDCBamm 

were existent from eternity, never orented and never annihilated. They 
however differed in their sizes and shapes, bat were identical in anbsfanee, and were 
all single, solid, indivisible particles. The differences in the properties of varions 
types of matter were Uie results of the differences in their sixe^ shape, position and 
movement. In solid bodies the atoms oscillated within narrow ranges whereas in air 
they could rebound to longer distances While moving in all possible directions 
through the void space, they struck each other, and their collisions produced further 
movements, sometimes leading them to combine so aa to form composite elements 
Worlds formed out of these may grow, decay or pensh, but their ultimate oonstitncnta 
were indestructible, them sizes were permanent and their shapes inviolable 

Leucippus believed that Atoms were too minute to bo divided , Democritus 
believed that they were too hard to bo broken He however allowed them all sizes 
Epicurus believed that they were too small to be seen and too hard to be broken, 
and added weight to the atoms 

The opposite school denied the existence of such ultimate partUea and could 
not understand how a fiirUier sub-divisiou could stop If there was any solid 
particle occupying a definite volume ui space, its theoretical sub-division was obvious, 
and therefore its actual physical sub-diviaion could not be impossible They 
refused to behove that the process of stib'division could not be earned on further 
and must stop at some unknown and definite stage 

Plato (3fi0 B C asserted that each of the four elements, fire, air, water and 
eartli, was composed of geomctricail) regular particles Particles of fire were regular 
tetrahedm (r e , foui exactly equal equilateral triangles forming the four faces) The 
particles of air were octaliedra (i r , eight equal eqminterally triangular faces). 
Twenty such equal equilateral triangles were the twenty faces of a particle of water 
which was an icosahedron The particles of earth however were cubes with six 
square -faces These could never take any other form and so were indivisible and 
indestructible But tlic other three elements could bo transformed into one another 
Pinto denied the existence of the vacuum and the void, and asserted that the 
particles fitted each other perfcctl> 

AniSTOTLR (384—822 B C did not accept the indivisible atoms of Demo* 
critns and held that there would be a serious anomaly if atoms had parts and yet could 
not be divided, although tlicoretically be was forced to concede that Nature might io 
fact refrain from dividing such atoms though they hod parts to divide He thus ad- 
mitted that potentially di^ isible matter might actually be indivisible, and that wholes 
could have properties that their parts did not possess individually, and so a group of 
atoms might be richer in qualities than any one of ita constttoents But the void 
of the Atomists was altogether incredible to Aristotle Aristotle, following Plato, 
revived Anaximander's conception of continuous substance without interspaces. 
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PlOTAKCU j*) in the let century after Chrwt atijued “ How could there 
be heat if no atom were hot, or colour or sweetness if atoms were neither coloured nor 
sweet— ‘how eould such qualities be generated from the meetings and conjunctions 
of qualitiless atoms ? Neither sense, nor soul, nor understanding, nor prudence 
could issue from atoms— and atoms could not spring from the bare void” 

The main objections to the indivisibility of atoms uia> be summarised as 
follows — 

(I) indivisible particles, witli parts, was a self-contradiction, 

(J) voids or iiiter-spaoes were wholly incredible, 

(3) atoms with only shape, sise, soliditj and motions or even weight were 

incapable of producing other ipinlitieB, 

(4) a mere group of distinct and separate atoms could not produce this 

world of colour, loent, sound and taste, and 

(5) it was absurd to imagine that living things were den\ed from inatiimate 

atoms 

The destructive criticisms of Plato and Aristotle, although based purely on 
theoretical grounds, suppressed the Demoentean theory for centuncs, and it became 
the universal conviction that there was no vacuum in Nature 

HiNinr PHirxisoPuiiJts 

The Hindu conception of matter according to Nyaja-Vaicesika dunng the early 
centuncs of the Christian era (as recently presented by Umesha Mislira) was that matter 
comprised eight forms, live discreet and three ubiquitous in nature Matter of the first 
kind consisted of four productive elements (Malta-bhulas) and Mind (Manas), con- 
ceived as an eternal substance and associated with an individual The sccoud kmd 
was a continuum, both substantive and eternal, vtx , time and space The four pnmary 
elements were the Greek elements, earth, water, air and fire Each of the four funda- 
mental elements consisted of ultimate particles of matter ( Paramami) The Paramanos 
did not possess magnitude and so could not be perceived, tlieir existence could 
only be inferred The proof that they were indivisible by nature and incapable of 
farther analysis followed the Greek reasoning that tbo possibility of further division 
would lead to a itgtesms ad tnftmivm, because as e\ery such component would 
consist of equal endless number of constituents, there would be no actual difference 
in the dimensions of the vanous vaneties, so that the dimension of the highest 
mountain would be equal to that of a mustard seed, which was impossible The 
principal attributes of Paramanu were that they were (i) eternal, (n) indivisible, 
(Ml dimensionless, (tv) incapable of producing anything by themselves, (v) incapable 
of being perceived through the sense organs, but (tt) they possessed quiddity whioh 
differentiated one from another Tliey also possessed (n*) certain specific attributes— 
the aiify ones possessed tonoh, the fierj ones possessed touch and colour, the watery 



( d ) 

ones poMeesed touch, colour and taate, aod the earthl 7 ouea poaaeaaed toudh, colour, 
taste and smell 

The Nihilist school of the Buddhist held that Void was the only real entii^ 
and that the eternal existence of a substance, which had no constituent part, was 
inconceivable, because the ubiquitous kind of matter most permeate Panunanos, both 
' in and out, and therefore the Paramanus most have parts and be non-eternal As 
objects, having form and touch sensation, oecnpied space and possessed parts, so n 
Paramanu, which also possessed a limited form and tench sensation, should occupy 
space and therefore had parts 

MuBUM PHIIiOBOPHEBB AND ThINKEBB 
Among the Muslim scholars there were four main schools of thought (1) On 
the one extreme were the theologians (^rs<a) who emphasising the limitations of human 
intellect mamtained that it was beyond human power to find out the hidden essential 
nature of things, and that religion was principally a matter of faith and must be 
accepted as revealed , (2) on the other extreme were the philosophers - <UI) who 
drew a sharp distinction between religion (**((1') and Physics and considered 

religion as being associated with an inward mental power, and not a branch of 
intellectual knowledge, which can be reduced to a system of logical or pbilosophicai 
propositions , (3) in between came the rationalists who treated reason as 

the ultimate authonty and indeed the mam source of religion also, and tned to 
reason out all religious dogmas, creating their theology solely by reason and rejecting 
all that did not conform to their own reason , aod (4) the dialecticians or Muta- 
kallemin who defended the religious truths by logical arguments, did not 

shirk a critical inquiry into metaphysical concepts and offered new solutions of the 
philosophical problems Of these the first were tradiUonists, pure and simple, and 
altogether refused to dmeuss philosophical problems The second upheld the 
Aristotelian conception of the structure of matter, denying the indivisibility of 
matter and the existence of vacuum The thud group also were inclined towards 
the same view The fourth however favoured the Democritean conception, releoted 
the infinity of division, and accepted the existence of indivuible oorpusclee and the 
possibility of void or empty space, and made their own origwal contnbution that the 
ultimate composition of matter was non-matenal 

Among the eariy philosophers may be mentioned Abv Nasaa Fabam 
Avicenea (tv «(( Jf ^nol-Bubhh und Mohaqqiq Tmn 

(^,h Jhu), Mulla Baqab (Jk ^•)t the author of Ufqul Mbbin Asimddin 

Mufsil (Jdu author of HtdayaM-ul Hikmat Husain Maibasi 

author of Maibasi Mohammad Ibnt Ibrahim Sadboddie 

wt* <*«m) of Shiras, (d. 1060 A.H ), author of Sadra and the 
greatest Indian Muslim philosopher Mulla Mahmub (d 1062 AH.) of 
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Jaunpar, the aathor of Shamsr^Baxigha reipirded as the moat advanced 

book on Phjsics in the Nizomia School, adhered to the Arutotehau view 

According to the philosophers a material body (^t« consists of two things — 
(1) the substance or stuff of which it u made, and (2) the form **> 1 ^) 

which it assumes This substance is neither in itself (aJu) always contmuons nor 
in itself separate, neither always single nor multiple but it can assume all charac- 
teristics. Portions of any element can be separated part of water), bnt when 
any separate portion is considered, it is continuous, without any interspaces and 
so can be divided and snb-divided ad mfinttuiu This substance is not perceptible 
without a form, both must exist together Thus the substance has perfect extension, 
and IS therefore capable of infinite division Existence of indivisible particles or of 
vacuum has no meaning 

After Ghazzau (1058 — 1 111 AJ) ^'), the real founder of the Mutakallemin 
School, may be mentioned Nazzam who was really a Mutaxili, Fakhruddin Razi 
Tafta 7ANI Cli), author of i^atah Aqatd Nojutfi {JLI^ ^ja) and 
Sharah Maqastd (■>••*><• p)A\ Syed Shanf Jabjani <-k)* -Hr), author of Shaiah 

Matcaqtf ^.•A; and Mohakamat («/•««•), Abdul Kanm bHAHBASTAiri 

the author of AUmiUU tvorat-^uUtal (i>ui j JUi'), Asfarini, the 
author of Sharah Aqatd Aaafanm ^jS) 

The Muslim Dmlectuuns believed that nothing could be either eternal or 
infinite except God, and that an uifinite divisibility of matter was impossible. 
Agreeing with the Philosophers they held that matter in this world was formed out of 
4 primary elements fire, air, water and earth (later reduced to the ** principles ** 
of (a) Sulphur, combustible and disappeanng by burning, (h) Mercury, te, dis- 
tilling over as liquid and (c) Salt, t solid residue), but that each of these was 
ultimately indivisible According to them a body (^) bad length, breadth, 
thickness as well as other qualities like colour, scent, hardness, etc A body 
consisting of any of the primary elements was not absolutely continuous 
in its inner structure, and was therefore not infinitely divisible There 
were ultimate corpuscles in the body which could not be sub-divided into smaller 
material particles. Bnt this ultimate particle was composed of two or more 
non-material umta of essence (yCia) which in themselves were indivisible tf*). 

These entities were not material particles at all, and so did not possess the qualities 
of sue, weight, volume, etc , which material bodies possess , and length, breadth and 
height not being associated with them they were incapable of further sub-divuion — 
this yotiAor was an indivisible unit, incapable of being sub-divided either theoretically, 
or praetically by breaking or even in unaguiation The Democntean atoms were 
indivisible particles of matter of certain sues and shapes which could theoretically 
though not m fact be sub-divided. Bnt these entities were different not being 
material at all, and the question of their sub-division did not anse. The universe 
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wu not continuous in its structure, snd its nitiniiite fndivisibls eoMtfttteott irttt 
separate from one another, though the gaps between them were too fine to be 
within human perception When however these indivisible entthek oomUne 
together so that they become contiguous, a new property of contfainity, beddes 
their grouping, appears, and they assume the form of matter 

There had, however, been three slight divergences from die gmieral xititn of 
the Mutakallemin 

(1) Nazsam (who was a Mutaziii) had maintained that a body is in fact 
composed of au infinite number of particles without any limit. 

(2) Shahrastam asserted that the particles were limited in number also, and 
that they might have been divisible, but are not in fact so 

(3) Qazi Abu Bakar Baqilani considered that when the 

entities combined to form a body, there was merely a group of entities, and nothing 
new came into it But the general opinion was that something new came into the 
grouping by reason of the contiguity of the entities 

The Muslim Dialecticians repudiated the conception of infinite snb^ivision of 
matter, but the ultimate composition of matter was not matter i^) widi volume 
or size, but something ethereal— sineless and shapeless, and therefore incapable of 
further sub-diinsion, although it had position In Sharaft Matcaqtf (Vol Vllt p> 6) 
the opinion of Shahrastam is quoted that matenal parbcles are not capable of an 
infinite division, and that ultimately a stage is reached when they cannot be divided 
into smaller matenal particles, but that further subdivision would make matter dis- 
appear altogether and pass into the form of Jauhar The ultimate conetitnent 
was indivisible both physically aud theoretically and did not possess even the other 
qualities of matter like weight, size and shape, etc. This ultimate constituent was 
more like some primary essence, e energy of modem days Thus matter ultimately 
resolved itself into janhat , in the last division matter with most of its properties 
disappeared altogether, and only jauhat remained, which was an essence of quite a 
different nature Tliis jmtltar was not a material substance at all , no doubt it was 
a unit, but it was dimensionless 

A clear distinction was drawn between substance and quality (>> 1 *) — 

the former is that possibility which exists in its own entity without dependence on 
the existence of any otiicr thing, but tiio latter is mere accident, which miist exist 
in some substance, whereas a quality cannot according to the majority of the 
opinions exist in another quality Of coarse, all substanees have some qualities, 
and so the) exist together , but qualities can vanish or ean be replaced by others. 
Indeed, quahUes of substances are constantly changing 

The Muslim Dmlecticuins did not regard time aa if it was flowing oontlononsly 
like a stream , but considered its passage in nnits of time, which involved a tiiewe- 
(ical discontinuity As qualities change from time to time they were coi^deredtolw 



( 11 ) 


ftod tranutory There was thus an endless series of appeamueos, disfippeAr> 
Alices and reappearances In that limited sense diere were alternate destmotion and 
creation. Some of the early Mntakallemin, like Nazzam, interpreted this as if the 
world was being destroyed and recreated by Qod in every unit of time, and this has 
been freely reproduced by Enropean scholars os the basic doctrine But the general 
opinion even among these early Muslim thinkers was of a practical continuity of 
existence and a regular uniformity What was really meant urns that the progressive 
development was under the direct will of Qod, and Qod could destroy it if He So 
pished. 

For purposes of illustration one ontieism, reply, rejoinder and counter-rejily 
may be quoted — 

P Siipposo wo place one indivisible atom between two indivisible atoms, tiien 
the middle one will (1) either not proveut the right one from toiicliing the left one 
or (2) it will do 80 In the first case, it will penctnito into them, and then volume 
cannot be increased. In thf second cose there is obviously n division of the middle 
oile os it separates the other two from touching each otlier 

M. The first case is not possible ns there is no such jieiietratioii The second 
cose merely involves a distinction of the right and left sides, not a division of the 
middle particle itself 

P But the position where the right side is situated is different from tlie 
position where the left side is situated Otherwise reference to one will necessarilj 
imply a reference to the other winch is impossible Hence a division follows 

M If yon assume that the two sides in fact occupy different places, tlien tins 
is wrong as we make no such assumption And if }ou merely imagine them as 
occnpying different places, though not in fact so, even then it is wrong, because this 
is a self-contradiction 

It will thus appear that the Philosopher’s cnticisms proceeded on the assump- 
tion that the indivisible atom lias some size , the Miitakalleinin’s reply is that it is 
dimensionless Their favourite illustration is the geometrical jioiiit which can have 
a point on its right and another on its left, and yet is in itself indivisible 

The attack of tlic philosophers on the Mntnknllomin’s jiosition could be 
cosily met 

(1) The criticisms had been directed cxciusivcl) ngainst tlic theoretical indivi- 
sibility, and not iiidiv istbilitj ns a fact in Nature 

(2) The criticisms were futile wlieii the indivisible entity was dimensionless 

(3) The conception of void interspaces was easier than that of a jierfeet 
oontbuity, 

(4) Production of different properties by a combination of indivrutble entities 
was more likely than such pmdactinii by a single continuous substance 
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(5) Life WM •omething quite diatinct from inwiinmte matter and eoald n6t 
sprini; up from the one continnons substance, whereas spiritual entities codid 
manifest themselves 

The Mutakallemin’s conception of the Universe beinK of grained struotore, 
composed of noii-matenal unite, neither continnoos nor inBniteljr divisible, was 
certainly an original contribution to philosophy But the opinion of Avicenna, who 
was a recognised authority even in Europe for centuries, founded as it was on the 
high authority of Aristotle, eclipsed the contrar} view dnnng the hftddle Ages, and 
was universally adopted We find nothing but a vague reference made by Hai- 
monides to the Mutaknllemin's hypothesis 

Eubupbax PniiiOeoPHEiiB axd Scuimarrs 

It was Descartes (1596—1650) who partly resuscitated the forgotten Atomism 
in the guise of his Corpuscular Philosophy Although he took the whole material 
universe to be one infinite and perfectly ooutinuons stretch of extended matter, 
without any interstices whatsoever, and denied any void that did not contain such 
extended matter, he considered it to be a granulated continnnm, diversifled into 
innumerable different corpuscles and controlled by Divine Hand These oorpusoles 
could stream through the material contuiiium and also through one another 
corpuscles were both divisible and deformable, though some might remam intact 
This new Philosophy could assume a continuous stretch of matter, dispense with 
voids, admit divisible particles and also recognise divine control 

IjiiBxm (1646—1716), with a slight variation, adopted the Mutakallomiu's 
conception of indivisible entities As pointed out in the £no}olopaBdia Britannica 
“ Leibnitjs's world consists of monads which are immaterial centres of force, each 
possessing a certnm grade of mentality, self-contained and representing the 
whole universe in minmture and all combined together by a pre-established harmony. 
Material things are in their ultimate natnre composed of monads, each soul is a 
monad and Ood is monas monadum This monadism is a kind of spiritoal 
atomism ** 

Isaac Newtox (1642—1727) agreed that the stability of the world required 
inviolable particles, and believed that God had m the beginning created matter in solid, 
massy, hard, impenetrable, and movable particles of different sixes and figures, and 
that corporeal changes were the unions and disjunctions of these solid particles, 
that never wore nor broke 

Boyle (1727—1761) sought to explain the heating effect of bonng by increased 
tnmiiltuous corpuscular motions within the heated ftiqtments Boyle however added 
oorpnscolar texture to physical realities. 

With the advent of chemical analysis, the Atoimo theorj rapidly gained ground. 
Democritean “physical atom,” the molecule, was broken Into “obemiotd atoms,*’ 
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Ibe modtm stomt. Water was found to be an aggresate of ainuiar compound atoma, 
or otoleoalea , and all samplea of water contained the aame eleinenta in the aame 
pvoportioA by weight Each atom of oxygen m it had predaely the aame wdght» 
and all atoma of hydrogen in it were equally heavy. The neceaaaty oondn* 
aioD was that the elements in any chemical compound would always be m Sxed 
proportions. 

Daiaon's Atomic Theory (1808— 10), previously presumed by lliCKiiMS, gained 
slow but steady acceptance. He had laid emphasis on the weights of atoms. 
Hvmphby Davy had first ndicnled it, but later his own Law of Definite Proportions 
suggested that bodies might be composed of ultimate atoms Oay Ltissao's Law of 
Volumes that the volumes of combining gases and of their gaaeons products were 
in simple ratios to one another pointed in the same direction AvoOADHO’a Law 
that at the same temperature and pressure equal volumes of different gases contain 
equal numbers of molecules obtained unanimous approval The concept of valency 
strengthened the idea of molecular structures 

When attempts to explain valencies of various atoms by arranging them in a 
plane had proved unsatisfactory, van t Hofp pointed out in 1874 that molecules 
and their constituent atoms occupy a space of three dimensions, and so the formnlss 
for two dimensions were not appropriate He was able to explam some valencies on 
the supposition that the disposition was at the comers of a tetrahedron. With the 
researches of chemists like Lavoisier and Davy the number of simple elemoits 
rapidly increased 

After the middle of the nineteenth century, the Kioetic Theory of Oases 
brought to prominence their corpuscular character Air in a closed vessel wpold 
preu on a side twice as bard because its molecules would hit it twice as much, if the 
volume were reduced to half Mathematical d^uctions established clearly that the 
heat of a gas was the kinebc energy of its molecules, its temperature was associated 
with its molecular velocity, its diffusivity was its spreading molecular motions and 
its preunre or elasticity was the bombardment of its moving molecules. 

The next step was to break open even the chemical atom, and split it up into its 
constatuents The negative electron first forced its recognition, followed by the 
positive nucleus. In 1904 Naqaoka had suggested a Saturnian system of negative 
electrons, repelhng each other mutually, and rotating round a positively charged 
and therefore attracting central mass for an atom This forecast had a partial 
fraition in Rutherford’s nuclear atom of 1911, when a microscopic solar system was 
established in the atom Natively charged electrons were revolving round a posi- 
tivdy diaiged oentiwl mass The masses and the radd of the nnclu and the electron 
were determined. The hydrogen nucleus, the proton, was even more minutely minute 
than the electron, and yet had much greater mass The unstable atoms in Radio- 
active substances were constantly dismtegratmg Scintillations on a screen showed 
F. 8 
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tlie toatteiing of itlplw paitfoleB (tb« nootti of holinm atonui) demomtntiiic thobr 
eziitenee u diBoroet anits. They wore the pooltive reeldae after the two negative 
eleotrona la each atom had left it. The Atomic number oame to eignify the nnndMir 
of pontive anlt chargee on the atomic nadene corveapondtng to the nnmber of extra 
nnolemr eleotrone. The Atomic weif^ta repreeented the nnmber of protone in the 
nuolii. 

The circling eleotrone of Bntherford, aa they altered their apeeda or cbanged 
their directions, would radiate energy oontinuouely, and SCathematica ahowed that the 
radiating electrons would contiimnlly approach the nnclena and nltimately eoaleaoe 
into it To get over thu serious difficulty Nieui Bohb boldly ai^gcated a dlaoonti* 
nuity iu Nature HU hypothesU was that in certain definite orbits an electron could 
revolve without radiating any energy at all, and that these only were possible orbits 
for constant orbital motion without emission or absorption of eneigy When the 
electron suddenly rushed from an outer to an inner orbit, it emitted a definite 
quantum of energy in the form of radiation, neither more nor less, but varying from 
one pair of orbits to another An accession of energy could be received in 
quants only, and then the electron suddenly rushed from an inner to an outer orbit. 
The permanent state of stationar} energy was only in the innermost orbit of the 
lowest eneigy It has also been said that in the inner orbits the electron was spread 
out like a nng , in the outer orbits it contracted to a material partiole The electron 
either emitted or absorbed a whole quantum of energy or none at all It was 
destined to be in one orbft or another, and there was no halfway for it It could 
not even cross the space between the two orbits. Thus the Mntakallemin's disoon* 
tinnity in Nature, aa it were, was resurrected, and the electron could only be annihi* 
lated iu one orbit and recreated in another , it could not continue its exUtenoe and 
cross the forbidden space in between. 

SoMWiRFBLD Substituted elliptical orbits for circular ones, and the new orbits 
showed a precession round the focus where the nucleus lay But the electron 
was still confined to definite permissible orldts, and could not at all move m the space 
intermediate between the prescribed orbits and only one electron was allowed 
to occupy one orbit 

Later, researches led to the discovery not only of protons, but also recently of 
positrons, neutrons and heavy electrons, and even the conception of nentrinos^ each 
confirming the corpuscular character of matter with discreet and independent units, 
though extremely minute. 

Thus the corpuscular theory of matter was completely restored, though 
the ittdiviBlbility was earned further beyond the physical molecule and eyen the 
chemical atom, right up to the electron, poeltron, heavy electron, proton and 
Motion. 
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SupBBaBSBioi; of Phtbiob avd Phiumopht 

Newton'i oorpasonliur theory of light broke down when it billed to explain the 
idienomeiui of interference, diiliraction and polarisation These required that if one 
beam of Ui^t is split op into two, and one lags behind the other, they can destroy 
each other, and should therefore possess some transverse periodic motion besides a 
loogitodioal velocity Experiments have confirmed that light is an electromagnetic 
phenomenon. The wave theory of light explained the main phenomena, but the 
ether required for its propagation failed in other respects The theory broke 
down when the photoelectric effect was discovered. Now we have an imaginary 
world of four dimensions postulated in ErKSTgor’s Relativity to explain its 
behaviour 

A similar fate has overtaken matter Electrons are known to follow tracks, 
like bullets, in a Wilson Cloud Chamber, and their tracks are also observed in 
Bocherer’s Ehcperunent No doubt Compton had discovered that X-Rays colliding 
with electrons behave exactly as a swarm of particles and are scattered as if they 
were diuireet units like billiard balls Again, when a stream of electrons is made to 
fall on a scintillatiog screen, they spread like dots irregularly all over it, as if a 
shower like separate drops of rain were falling on the screen This confirmed the 
corpuscular character of matter But Davisson and Qebmkr found that electrons 
are scattered with a peculiarity that would be due to their diffraction The closely 
packed atoms of a solid sheet furnish a natural diffraction grating G P Thomson 
applied the principle of X-Ray powdered photograph and let a pencil of electrons fall 
on a thin metallic film, almost transparent, and then on to a photographic plate. The 
image that was produced had a central spot with circular rings round it due to the 
diffraction of the electrons by the small corpuscles of the metallic film Recently 
the diffraction of whole atoms has been observed by Dempster and others. Thus 
electrons and even atoms must have some penodio motions. Neither the old 
omrpasoular theory nor the wave theory which followed it can explain both sets of 
phenomena at the same time 

Since 1926 , the tendency is to throw overboard all philosophical and physical 
concepts and clothe the behaviour of electrons and atoms in a complex mathe- 
matical' garb De Brogue has introduced the idea of some kind of imaginary 
and artifloial waves in a rather vague way HsiaBNBBBO and Scbropinobb have 
developed the new Qnantnm or Wave Mechanics, and Dirac has combined the 
thewy with Relativity We now have a mathematical theory expressed in a complex 
andhenatioal form, idiiob however has not even the remotest resemblance to a 
physical thetwy 

A new principle of Indeterminacy has been propounded, which makes it 
wholly nnewtain how an electron will behave. It is not a mere subjective, but 
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an objeotiTe ano«rtaiofy An electron is now rappoeed to be s tniin of wwrei 
•tretching from infinity to infinitjr, it can be aMtuned to be aojrwhere in tbu tnd&i Ha 
position is nnknown, but its speed is known When boweTer once ono tkiaa to 
observe it, the infinite train instantaneonsly oontraets to a aetO point ; tiM potitimi 
beemttes known, bat the speed becomes indeterminate The wave iproap most always 
be moving, cannot be stationary and its shape must be constantly ohanging The 
number of its crests goes on increasing with time The train of waves representing 
an electron goes on spreading continually from infinity at one end to infinity at the 
other , bat the moment the electron hits anything, its whole infinite train immediately 
contracts to a zero point The group wave is the mathematical sneoessor of the 
point charge. Bat tiie conception of an infinite train of waves, Which instead of 
Boattermg away further and farther, as waves must do, suddenly converges to a point 
is devoid of all physical picture 

And these artificial infinite trains of waves are not any real waves st all, nor 
eten Waves of energy, but mere artificial mathematical waves of Chance or Probability 
They are incapable of being located in space and time and are mentally incom- 
prehensible, their only quality being that they are expressible in mathematioal 
symbols. They are nothing more then a mere mathematioal fiction Such mathe- 
matical manipulations may be a good device or a dodge, but can hardly be oOnsideMd 
to be a physical theory The whole sitiiation has been aptly summed up by Sir 
AkTuuk EDDuriSwoir in one sentence — “ There is something radically wrong with the 
present foudamental conceptions of Physios, and we do not see how to set it 
nght.** 


A New Pbilobopby 

As the Zahiris mamtained, there are undoubted limitations on the range of 
hntaan vision Man’s knowledge of Nature is strictly restricted both on the 
maorcaoopio and the microscopic scale With the tremendous advance of hnman 
knowledge the limits on both sides will undoubtedly be extended farther and still 
further, but the limitations imposed on man's mental and intelleotual powers make 
thfi kaowlsdge of the absolute truths of the innermost wo^ng of Nature beyond 
his reach. Knowledge of the absolute Why and How can neter be attainable. Man 
can only make oonjcetures and speculations, and as more fruits and data bedeme 
available, his theories must be modified and readjusted to fit the new discoveries 
This process has to go on aud must go on almost indefinitely, the true reality always 
efocBng his igrasp 

With tiie progress of oSnturiee man’s outward vision has expanded Iramensdy 
With bis naked eye he not only sees the solar system, but also the galactic ^stetn 
oontalning the near stare. With the help of large telescopes, even extrargalactio 
Sjifitcnha aTe now visible, and milliona of nCbuta have been observed, the Ifgbt frott 
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4tiau of lAioh may take 140,000,000 yean to come to the Earth When the SOO-iiieh 
teleaeopc u ready, he would be able to see a million-tunes as much light as an 
tmaided eye, and yet it will be imponible to aay that the outermost depth of space 
has been fatoomed. There must be a super-galaxy containing all the extra galactic 
nebnlm, and there may still be meta-galaxies containing millions of snch super- 
galaxies' The gigantic dimensions of the Universe, even if limited, would, for all 
practical purposes, remain infinite to human observers 

On the inner side the physical atom, m , the molecule has already been split 
up and even the chemical atom has been broken into its constituents. We visualise 
the motkme of electrons, protons, and observe the tracks of positrons and neotrons, 
and even imagine the existence of a neutrino Imagination has not yet gone further 
JSut who can doubt that there may be worlds within the smallest world that we have 
BO far been able to contemplate There is every hope that with further progress 
the inner constituents of these invisible entities would be comprehended, bnt 
it will ever remain impossible to get into the absolute depths of the innermost 
world. 

In spite of all the discoveries that have been made, the on((in of life is a 
mystery But one fact stands out prominently Life is undoubtedly something 
distinct and separate from matter Life is not a mere combination or permutation 
of electrons and nnclu. No mere compounding of material corpuscles can result in 
life. Science has utterly failed to discover that life can be produced from inanimate 
ob]ects All the evidence points unmistakably to the oonchision that living organisms 
are bom from previous parents Tlie constitotion and behaviour of matter have 
b4mi expressed in mathematical formula representing imaginary waves of chance 
or probability Bnt Mathematics is helpless in evolving mathematioal equations 
lor the existence, continuance or extinction of life. Man is unmistakably conscious 
of hu existence. There is some inner power in him which convinces him that he is 
not mere earth, water or air Deep reflection cannot but fail to impress upon him the 
b^ef that there is something spiritual or divine in him which is not identifiable 
with mwe matter, and that his existence is a reality and not a fiction 

The modem conceptions of Physics have led ns into a eul de sac, and created 
a deadlocL It may well be that we chose a wrong path and find ourselves now 
confronted with anomalies and contradictions, and even absurdities We shall be 
driven further and further away from reality until we retrace our steps and find out 
the right path which would enable us to get nd of the illusory world we have 
invented, and to perceive something comprehensible and rational, which would 
present before our minds the real world. 

of the supposition of a disoontinnity in Nature, which alone can explain 
the disaniieamnoe of an electron from one orbit and its sodden reappearanoe in 
another withont crossing the space in between, it may well be that a lighter corposde 
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after oerteln intervale when it iiae reached an unetable etaxe la by an IntennI eaqdo* 
eion shot off from the electron and by reaction Rivea a baekwnxd momentam to the 
parent body, which behaves aa i! a sudden impulse has been imparted to it Thb 
would have the necessary effect of changing the instnntaneons orbit Hms the 
electron after each of such emissions wonid begin to move from that very point in 
a new orbit, and not that it would ]ump from one to another separate orbit without 
crossing any space 

The Wave Theory of light requiring a medium for its propagatimi has had to 
be abandoned, because the properties required of the luminiferous ether are impos- 
sible. Light has been found to possess mass, exercise pressure and hit electrons as k 
shower of bullets would do At the same tune the Corpnaonlar Theory of light has 
broken down because of the phenomena of interference, diffraotion and polarisatioo. 
It has not been possible to imagine how a swarm of parUoIes, while travelling 
forward, would possess a penodio transverse motion, nor how two beams of them 
can destroy each other To evade these difficulties the physical concept haa been 
altogether abandoned, and attention exclusively concentrated on mathemabcai eqiisp- 
tions regardless of the fact that no mental piotnre can be obtained. Light has 
undoubtedly four main oharabterutiRs (I) it has longitudinal motion, (2) it has a 
transverse motion, (8) its transverse motion is penodio, and (4) it is an electro- 
magnetic phenomenon The obvious inference is that a light corpuscle is a 
binary system, consisting of one positive and one negative charge rotating round 
each other under their mutual force of attraction, the whole system travelling 
forward with the velocity of light Such a structure easily fulfils all the requitod 
conditions and would explain both sets of apparently contradictory phenomena. 
The corpuscular character would be exhibited when light is observed lu its longitu- 
dinal motion; whereas the wave character would evince itself when it ii obeerved 
transversely 

With the lapse of time there would be a partaal mutual discharge, decreasing 
the electric force between the two oonstitnents, reducing the frequency of rotation 
and diminishing the energy Light from distant nebulas will In the course of its 
passage through space during millions of years nndeigo an inherent lose of eneigy, 
and therefore a decrease of ita frequency without there betog tremendous velocities 
of recession for all nsbnUs away from the earth as centre and Inereasiog with their 
distances from it Indeed, the specfral sbft from the nebula would be easily 
explicable even if thwe were a uniform, almost statical distribution of the nebnla 
In the Universe 

In toe course of long ages while travdliog through space toe mutuat attraottve 
fproe may gradually become eo feeble as to allow toe two componmiti to part 
company. Tbare would ba then a swarm of positively and negatively eharged 
phrtieles which may appear to os as highly penetratuig Oosmio Bays; Aguto, 
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thii lutw kpinnlng Ccwmio Bay and Y*^y oorpiiaoles, requirinK gnatar attnotiva 
Ibna for tbeir stability, would on oolliaion with atoms more easily split op 
into their positive and negative components than light ray corpusoles of smaller 
frequency 

The tnuisvetee periodic effect can also be prodnced by a rotating magnet 
which gn electron can be Such a double-poled magnet, like the binary corpuscle 
of light, can easily show interference and diffiractiou effects With such conceptions 
of the structure of light and material particles, the need for mtrodncing imaginary 
mathematical waves of chance and probability, apart from the average effect of an 
assemblage, would altogether disappear, and light like other material particles would 
be a comprehensible electromagnetic phenomenon 

Newton's hypothesis that the law of Ghravitatiou remained exactly the same 
whether the attracting body was stationary or moving, howsoever fast, necessarily 
involved the assumption that gravitational influence was exercised instantaneously 
and therefore the velocity of gravitational propagation must be almost infinite 
From the assumption that material bodies were immersed in some sort of fluid ether 
whiidi presses on them, Laplace deduced that the velocity of gravitation would be from 
the attracted body towards the attracting body and that unless the velocity were 
more than 6 milhon-times the velocity of light retardations caused in the motions 
of the planets in a couple of centimes would be so large as to be easily detectable 
But the direction of the velocity of gravitation may well be from the attracting body 
towards the attracted body and not the reverse, and a resistmg medium may counter' 
act the acceleration Further, Laplace overlooked the effect of the retarded 
potential, which must be taken uito account as all the heavenly bodies are in motion 
and none stationary Both Lorentz and Eddington have calculated the value of 
anoh retarded potential If their formula be applied to the almost oonstaut mass of 
attnoting bodies, the startling result is that the first order terms vanish altogether 
and the perturbations, which Laplace had feared, would be practically non-existent 
being of the second order terms only No insuperable mathematioal difficulty 
therefore intervenes in the supposition that the velocity of gravitation is finite or 
that It is equal to the velocity of light. 

So far it has boon assumed that Coulomb's law of electrical attraction and 
repulnon is absolutely exact, and that the magnitude of the force of attraction 
between two opposite unit charges at a unit distance apart is exactly equal to that 
of the force of repulsion between two similar unit charges at the same distance apart 
Bat in fact thu assumption may not be exactly true, and may be only almost exactly 
tme^ leaving a small residue of exoees of the attractive over the repulsive force 
This would result in a net attractive force between two atoms , but thia extremely 
•mall difference would be imperceptible as compared to eleotno forces When 
however two large masees are considered, the combined reeidoe of all the atoms in 
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the two bodies would produce au aconmuletcd attmottve force, which is cheemd 
ai the force of gravitation In this way gravitation can bo completely identiflid 
with eleotnoity, with which light has already been identified. Hino these three great 
phenomena, which appear to be different, become completely unified, and it is no 
wonder that they all possess the same velocity of propagation. 

Nature possesses uniformity and harmony , it is only Man's knowledge that 
is imperfect 



ADDRESS OP THE CHAIRMAN 

BKttfTKRKD AT THB ANWUAJi MrBTINO or THE NaTIOWAL AuADEMY OP SCIENCRB, 

IKOIA, on ^EBItDABY 4, 1939 

By THB HoN’uiiE Sri Sampurnanand, M L A 
MiMiTRB OF Education, the United Pbovinceb 

I do not know it, after asking me to preside over this function, you began to 
feel sorry for your mistake An active politician, particularly one who has some 
hand in the administratioii of a big provincu like ours, in the abnormal times through 
which we are passing, is Imrdly an ideal president for a gathering of Scientists, who 
are supposed to have tlieir abode in a serene world, which is not subject to the 
doubts and uncertainties and passions which constitute the world of the ordinary 
man You ore worshippers of Truth, the pure Truth, and your regions are peopled 
with those eternal verities of which the philosopher speaks so yearningly 

But what after all is this Truth ? There was a time when the Theologian 
claimed to know it and nil about it He claimed to have received knowledge of it 
through direct revelation Tins claim was contested by Science as the field of 
■mentifio research widened Growing in power, acquiring self-confidence witli 
every advance in knowledge. Science finally rejected the claim of Theology and 
Religion to know and expound the Truth and set up new gods of its own in the 
temples from which the old images had been dethroned 

It was a brdhant pantheon There was the great Atom whose dignity was, 
if anything, enhanced by the discovery that it was a miniature Solar System 
composed of protons and electrons , there was that mjstenous, all-embracing, jelly, 
the ether, there was the great law of gravitation which held together the whole 
universe from the most distance of the receding nebule to the proverbial New- 
tonun apple , there were the laws of the conservation of mass and energy , Space 
and Time were there, obej ing the laws of Anthmetio and Enchdean Geometry 
True, there were also tliose two disturbing factors life and mind. The transition 
from crystal to protoplasm and from protoplasm to consciousness was not easy to 
describe it is difficult to understand, how extra-mental vibrations transform 
themselves into thoughts and feelings which, notwithstanding all that the advocatee 
of Behaviourism have been telling us, cannot be completely explained away But 
In spite of the uncertainties caused by these factors. Science had supreme confidence 
in itself and its methods it seemed to have reached the solid bedrock of Reality and 
dtU egplttoUoo of what was still obscure was but a question of time 
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But thu self-oomplaoency baa now vamshod Science u no longer sure o{ ito 
foundationa The quantum hypothosu and its logical implications seem to indicate 
the existence of somoUiing winch is allied almost to free will in the behaviour of 
atomic constituents and, consequently, defies prediction, Elnolidenn Geometry is 
found to be but a logical structure based on axioms and postulates which have no 
necessary objective validity , in spite, Sir Shah Sulaiman, of yonr valiant champion- 
ship, Newtonian physics seems to have nil but abdicated in favour of Relativity, 
the ether has been relegated to tlie region of myths and we are assured that we are 
the dcni/cns of an expanding iinivcrso which is at once limitless and finite Space, 
time and the relation, if any, between tbe two forces, matter, eneig} — it is difiicult to 
8a> at the present day what these terms stand for , where all was rhythm and Law, 
the Pnnciiilc of Tiideterminncy is a recognized and ortliodox doctrine, in ao far as 
such a thing can be called a doctrine The other sciences have landed themselves 
in no less surprising positions and their main problems arc ns far from solution 
ns ever The researclies of Freud, Jung, Adler and the other psycho-analysts have 
onnblcd us to probe deep into the working of tlie human mind and comparative 
psychology and child-study have been no less helpful , the researches of Jagdish 
Bose have shown us the striking similoritieH in the response to stimuli of inanimate 
and nmmnto matters but life and consciousness remain ns much elusive mysteries 
as they were before 

The effect of all this on the scientific mind, on the general outlook of scientific 
man— a subject on which you are really more competent to speak than I — ^hns been 
remarkable The attitude of smug self-sufficiency, the supenority-coraplex bom of a 
false assumption of omniscience, tlie sense of sneering contempt for religion and the 
summary dismissal of all extm-aciontific attempts to arrive at tlie Truth, have gone 
nevei, 1 hope, to rctnrn The words of the poet are coming to be increasingly realized 

“ Let knowledge grow from more to more, 

But more of reverence in us dwell ” 

I try to keep mysi If abreast of modom researches and tendencies in Science 
difficult as the task is, and T have been a humble student of certain other 
branches of study ns well Tt gives mo joy to see the gulf between Science and 
Metaphysics being bridged and I hope you will excuse mo if I say, without 
going into tlic reasons for my stitcment, with all the force of conviction of which 
lam capable, that if scicntifio men would turn to some of the methods of the 
mystic, the methods of Pntanjali, they would sec light where today it is all 
groping in the dark After all. Science has progressed not only through mechanical 
expeninentation but because men of science hate had bnlliant imaginations, nnao* 
countable intuitive visions of the Truth, flashes of genius which cannot be ex plmued, 
over-mastering capacity of concentration, and tiiey would be false to themselves and 
their mission if they refuse to make use of instmments and methods which are 
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repated to sharpen and make more precise these powers of the human mind You, 
in ypnr own way* are on the quest of that which is the substratum of all that we see, 
you, in your own way, have come to the conclusion that the world of nature from the 
mightiest of Suns to the electron, from the man to the amoeba, is subjective, 
in a very real sense Does not that groat wisuird of modern Astronomy, Sir James 
Jeans, posit that the Universe cannot but be pure thought in the mind of a 
master mathematician, whom you may call God or not, as you choose? Docs not 
EJddington observe — 

^ Leaving out all msthetic, ethical or spiritual aspects of our environment, wo 
are faced with qualities such as massiveness, substantiality, extension, 
duration, which are supposed to belong to the domain of ph> 8 iC 8 In a 
sense they do belong , but phj sics is not in a position to handle them 
directly The essence of their nature is inscrutable, wo may use mental 
pictures to aid calculations, but no imago in the mind can bo a replica of 
that which is not in the mind And so, in its actual procedure, piiysics 
studies not these inscrutable qualities, but pointer-readings which we can 
obaerva The readings, it is true, reflect the fluctuations of tlie world- 
qualities but our exact knowledge is of the readings, not of the qualities 
The former have as much resemblance to the latter as a telephone number 
has to a subsenber^^ 

Or, as he observed in another place — 

“The stuff of the world 18 mind-stuff The mind-stuff is not spread in space 
and tune , these are part of the c>cho sc heme ultimately derived out of it^^ 
Is this very different from what the philosopher 8 n>s when he speaks of the 
universe as a About that which lies beyond and behind all this, the 

Vedanti says MV A, “that, which beiiif; known, all this becomes 

known." Again, when speaking of the impassable gnlf which seems to separate 
matter from mind, have you cared to study Kapila’s system, m which both have been 
derived from Wnv? I will not tire you out with such references bat I am convinced 
that study of this kind will do inestimable good to both Science and philosophy 

This IS one of the spheres in which Science has had to cry halt There is 
another sphere in which, I hope, there is considerable searching of heart among 
scientific men Apart from its groat function of satisfying human curiosity giving 
ns intenectual and aesthetic satisfaction. Science has the more practical responsibility 
of satisfying certain human needs. If the amenities of life today are greater than 
they ever were before, if there is greater control over disease and death, if humanity 
18 more like a family than at any other period in its history, the credit for all this 
most go to Science But equally to Science must go the ducredit for all the 
mntilation, incendiarism, the painful death and insane destruction of innocent life 
and property, that make modem warfare so hideous The sms of imperialism and 
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capitalism arc great but the sms of Science, which has made all this possible, are 
greater Knowledge is good in itself and it is a powerful instrument for good but 
it IS an equally powerful instrument for evil Everyone is not Bt to wield this 
{lower that is why in our country it was laid down that knowledge is to be imparted 
only to those who are tPTTg, fit vehicles for it. And, in any cose, the man of Science 
should not prostitute his genius before the wieiders of temporal or flnaucial power 
He, as the Brahman of today, should realise the dignity of his position and it should 
be part of his vocation to raise not only the standard of knowledge or comfort of 
humanity but to raise the level of its spiritual sense as well It is not enough to 
cater to the demands of man, as we hnd him, today , it is also necessary to decide 
what kind of man wc want to inhabit this earth So far, Science has neglected this 
duty, with the result that life has today become a hideous nightmare 8i lencc will 
neglect this duty further at its peril its will be the responsibility for the inevitable 
colla{)se of civiIwAtion and all that man holds beautiful and sacred 

Coming now to some of the specific problems nearer home, there can be no 
two ojnnious about the place of Science in the life of the India of today and 
tomorrow We are on the threshold of great changes. Our country is very soon 
going to take its place lu the comity of free nations Wo have vast resources, on 
tlie surface and below it, of which wc are not even aware , even those that are 
known are insuflicieatly tapped Again, it is fotgotten that these forest and miueral 
resources are assets which should be exploited, for the good, not of individuals or 
corporations whose sole aim is to make a profit, but of the community, of the nation, 
certainly, and of humanity as a whole, if mankind is ever better organised Much 
of this wealth cannot be reproduced and must be conserved. There are vast areas 
which are lying barren they could be covered with smiling vegetation There are 
diseases which find our climatic and socio-economic conditions pecnliarly favourable 
they have to be combated , so have famine and flood and early death. The vitality of 
the people has to be raised , healtluer and less fatiguing methods of work have to be 
devised and their earning capacity and incomes augmented For help in organising 
all this, we look to the Scientist He should be the guide, philosopher and fnend 
of the people and of those who administer the afihirs of the people in their name and 
on their behalf Inspired by a genuine love of Truth and a desire to serve humanity, 
he should work as the Broliman of old did, not for name or the love of money 
Party factions have no meaning for him Above all, the Induin Scientist has to 
remember that it is bis pnvitege to help in the regeneration of a country with noble 
traditious of scholarship and public service, but, withal, a country which, today, is 
among the poorest of the poor and cannot give adequate recompense or recognition 
to scholarahip and research Cramped as we are, wo have great minde of which any 
country may well be proud Bose and Raman are names to conjure with, in the 
world of Science Our own laboratones have been the scenes of memorable 
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rMearches and tho work of Meghnad Saha, Birbal Suhtn, Nil Ratan Dhor and 
Bholanath Singh has met with appreciation beyond our fiontiera This is but 
natural This province has been tho so it of grout centres of |( irning from time 
immemorial and is, I have no doubt, destined to make still greater contributions to 
human knowledge 

The existence in our midst of All association like )oiirs shonld prove a great 
incentive to scientific research and provide that common meeting ground where all 
those who are engaged III such work can come together, compare notes and make 
plans for co-ordinated effort for the future It should bo imsKible to have greater 
co-operation than exists today between jou on the one hand and the Ooverninent, 
industrialists and educational authorities on the other I wish 3 on a ver) prosperous 
career of public service and hope tint }our deliberations 111 this session will prove 
of value to tho realm both of pure and applied Science 



VOTE OP THANKS 

To THK Hon bij: 8bi Samfijunanand, M LA, Chairman of thf Eioiith Ammitai, Mkitino 
OF THE NaIIONAL ACADEAIV OP bUENCES, INDIA, HKID 0\ FkBKDABY 4, 1930 

Bir A C BANBiui, MA, MSc, IKS and K N Baiil DPhil, DSc 

PropoRiDK a vote of thinkn to the Hoiililo Sri SampnrnRiiand, on behalf of the 
National Academy of Sciences, for accepting the invitation to preside over the 
annual function, Prof A C Banerji said — 

Ho thanked the Ilon’blo Munster for very kindly accepting the invitation to 
preside over the annual meeting and he hoped that the Hon’ble Minister would 
continue to take keen interest in the welfare of the Academy 

Seconding the vote of thanks Prof K N Bahl said — 

1 have great pleasure in seconding the vote of thanks to the Hon'ble Minister 
proposed by my friend Professor A C Banerji Extremely busy as the Hon’ble 
Munster is, it is very good of him to have come down to Allahabad to attend our 
annual meeting and to speak to us He has given us a critical appreciation of the 
bcnciits of scientiiic research but he has also spoken of the weapons of destruction 
invented by men of science I am not sure if the scientists alone are to blame, for 
I have no doubt that the blame for destruction must bo shared to a large extent 
by the active politicians who make use of the scientific workers for their own 
political purposes 

I once more thank the ITon’ble Munster for his kindness, and I am sure you 
will join mo in according huu our best thanks 

Vote of Thanks 

To THE Rbtiujno Office Bbarfks of tub National Acadkmy of SaimcES, India 
By Salicuiam Bhaboava, MSo, and S Butt, DSc, PRS 

Proposing a vole of thanks to the retiniig office-bearers of the National 
Academy of Sciences, India, Prof Saligram Bhai'gava said as follows at the annual 
meeting of the Academy hold on February 4, 1939 — 

Sir, 

I rise to move a vote of thanks to tho rebring officers of the Academy Out 
of these Professor Sabni has retued but others, Dr Bhattaoharya, Dr. Mehni, 
Dr Sane aad Dr Pearey Lai, have changed their offices. Thus their expoien^e and 
advice Will still be available to tiie Academy Some of them bad to retire baviog 
been m their offices for a foil term of four years. According to the rules they 
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conld not contuino longer It is hoped that they will contribute as mucli to the 
progress of academy in their now offices to which they have been elected 

Seconding the vote of thanks Dr S Dntt said — - 

I have much pleasure in seconding the vote of thanks proposed by Prof 
Sabgrnm Bhargavn to the retiring office-bearers The retiring ottico-bearers have 
very successfully guided the destinies of the \cadciny during the pist several jears , 
and, although they are retiring, I have cver> hope that their expenenec and odvii e 
will be available to their siicc essors 



APPENDIX 1 

Abstbach' of the Pboceedinqh 

The Cotinctl resolved that Prof N B. Dhar and Dr S Datt be nominated to 
the Council of the National Institute of Sciences of India for the year 1038 ns 
Additional Vice-President and Additional Member respectively on behalf of the 
National Academy of Sciences, India. 

The Academy passed the followmc resolutions — 

That tlie Government of the United Provinces is requested to appoint a com- 
mittee consisting of eminent lawjers, scientific experts and representatives of 
industry to study the present electricity act and to recommend necessary legislation 
required to nationalise the genoration and distribution of electricity with a view 
to make the supply of electrical power m this province cheap and abundant. 

That tl'e Government is requested to select a body of graduates in physics and 
eleotncal engineering* to study the methods of construction of power-station and the 
organisation of generation and distribution of electncal energy in foreign coautries 
like England, Kussia and Switzerland It is desirable that the body should consist 
of an expert and extienenced electrical engineer who will be in charge of a batch of 
four students to study tlio different aspects of the question, i e , two for studying 
constructional details, one for studying the methods of distribution of electncity, 
and one for studying the economics of production and distnbution 

That the Government is requested to appoint a permanent body to study the 
natural resources of power existing within or in the neighbourhood of the province 
The person in charge of the above-said body should be a competent electrical 
engineer with experience and knowledg«.|if the different branches of Science, vtx^ 
physics, fuel-engineering, hydro-eloctric engineering, which are reqnured for such 
kind of survey work 

The National Academy of Sciences notes with regret that the Government of 
the United Provinces, while appointing an Electricity Committee, did not consider 
it necessary to ask this Academy to nominate a siieciahst to serve on the said 
Committee and requests the Government to consider the advisability of associating 
representative or representatives of this Academy with all those investigations in 
which scientists can make nseful contnbutions 

The Council accepted with great regret the resignatioa of Prof B. Sidiui from 
the Presidontship of the Academy and placed on record its deep appreciation of the 
services rendered by him to the National Academy of Sciences, India 
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It was nitaniinonsly resolved that the Hon’ble Sir Shah Mohammad Sulaiman, 
Kt^ M.A , LL Di D Bo , Judge, Federal Court of India, andVice-Chaucellor, Muslim 
University, Aligarh, be elected President of the National Academy of Sciences, India, 
for the residue of the term of Prof B Sahni 

It was decided to bring out a booklet on the Problems of Power Supply in 
India. 

It was resolved that Prof Saligram Bhargava and Dr 8 Dntt bo nominated 
editors in fhe places of Prof M N Saha and Prof N K. Dhar 

The following members wore elected Fellows of the Academy in the Fellows’ 
Meeting held on November 20, 1938 — 

1 Ram Behan, M A , Ph D , Reader in Mathematics, University of Delhi, 
Delhi 

2 Saradindn Basu, M Sc , Meteorologist, Upper Air Observatory, Agra 

The following members were nominated delegates to represent the Aeadem} 
at the meetings of the Indian Science Congress held at Ijahore in January, 1939 — 

1 Sir Shah Muhammad Sulaiman, Kt., MA, LLD, DBc., Judge, Federal 
Court of India, New Delhi 

2 AC Bauerp, M A , M.Sc., FJELA 8 , F N I , IBS, Professor of Mathema- 
tics, Allahabad University, Allahabad 

3 J H.Mitter, MJSc, PhD, Professor of Botany, Allalubad Univcrslt}, 
Allahabad. 

4 H. R Melira, M Sc , Ph D , F N I , Reader in Zoology, Allahabad University, 
Allahabad 

5 D S Kotfiarl, M So , Ph D., F N I , Reader in Pli}sics, University of Delhi, 
Delhi. 

It was resolved that His Exalted Highness the Numm of Hyderabad (Deccan) 
and the Hon’ble Sir Shah Muhammad Sulaiman, Kt., M.A, LLD., DSa, Judge, 
Federal Court of India, New Delhi, be elected Benefactors of the National Academy 
of Sciences, India 

The following members were elected Office-bearers and Members of the 
Council of the National Academy of Sciences, India, for the year 1939 — 

Phesimnt 

The Hon’blc Sii Shah Muhammad Sulaiman, Kt , M A., LLD , D Sc , F N I 

Vice-Pbesidentb 

H RMehra,MSo,PhD.,FNI 
S.M Sane, ESo, PhD 

Hony Treasureu 

Saligram Bhargava, M Sc, 

FO 
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GENESAIt SeOBETABIES 

Shn Eanjan, M.So (Cantab ), D Sc., F A So 
D 8 Kothan,M8c, PhD.FNI 

Fonsiair SbcnBTABv 
1) R Bhattacharyo, D Sc , I*h D, F.Z S.. F N I 

Membfiis op the Councii. 
S U Dutt, DSc, PR.8, FNI 
M R. Siddiqin, M A , Pli D , F N I 
A 0 Banerji, MA, MSc, FR A S, TES , F N 1 
P L Srivaatava, M A , D Phil (Oxon ), F N F 
Rao Bahadur B Viswanath, F I C , FNI 
M N Saha, I) Sc., F RS , F N I 
K N Bahl, D8c,DPhiI,FNT 
J C Ghosh, DSc, FNI 
A M Kureishy, M A 
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Offtce-bbarbrs and Mfmrerh op tub Council op tub National 
Acadeky of Sciis.ncb8, India, for tub ybak 1938 

President 

B Sahni, D Sc , Sc D , F RS , P N I {Restgtted Pi cstdmtahip on AprU J9, 1938) 
The Hoii’ble Sir Shah Muhammad Sulaiman, Kt, M A , LL D , D Sc , F N I 
(Elected Pies%dent on July 17, 1938) 

V icf-Presidenth 
D R Bhattacharya, D Sc , Ph D , PZ S , P N I 

The Hon’ble Sir Shall Muhammad Sulaiman, Kt , M A , LL D , D Sc , P N I 
(One Vtce-Prestdcntshtp remained vacant ftom July 17, J91S) 

Hony Treasurer 
H. R Mchra, MSc, PhD, FNI 

Gpnbbal Sicrftaiui-a 

S M Sane, BSc, PhD 
P L Snvastava, M A , D Phil vOxon ), F N I 

Foreign Sfcretary 
M N Saha, DSc.FRS, FNI 

Membkrs op thf Council 

S B Dutt.DSc,PRS^FNI 
N R Dhar,DSc^FIC,IES,PNI 
J A StraiiK, M.A^ B Sc. 

K N Bahl,DSo.,D Phil, FNI 
Shri Ranjan, D So 
J C Ghosh, DSc, FNI 
A C Baneiii,MA.,MSo.,FRA8.IES,FNI 
Sam Higgmbottom, Ph D 
S KBaoer]i,DSo.,FNI 
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APPENDIX 3 
List of Membbbs 


{Arranged alpftabeitcalty) 


* — Denotes a Fellow 

f— Denotes a Fellow of the National Institute of Sciences of India 


Date of 
Election 


Alphabetical List of Members 


81-10-35 
20-4-36 * 

20-4-36 t * 
17-4-31 * 

10-5-35 + * 

1-1-30 t ♦ 

1-1-30 t • 

22-12-32 t * 
10-5-37 

20-4-36 * 

17-4-31 * 

31-10-35 t • 

19-3-31 • 

17-4-31 

17-4-31 


17-12-35 


15-9-36 


Agarwal, Rai A mar Nath, Ban Kothi, Danmanj, Allahabad 

Ahmad, Ziauddin, D So , Vice-Chancellor, Muslim University, 
Aligarh. 

A]rekar, Shnpad Lakshman, B A , I ES, 855 Bhamburda, Poona. 

Asundi, R K, Ph D , Reader, Physics Department, Muslim Univer- 
sity, Aligarh 

Ayyangar, G N Rnngaswami, Rao Bahadur, BA, IAS., Millets 
Specialist to the Government of Madras, Agnculttural jE^Wf^lhroh 
Institute, P O Lawley Road, Coimbatore 

Bahl, K N , D Phil., D So , Professor of Zoology, Lucknow Univer- 
sity, Lucknow 

Baner]i, A G , M.A., M.Sc , F B.A 8 ., I E.S , Professor of Mathema- 
tics, Allahabad University, Allahabad 

Bauerji, S K., D Sc., Meteorologist, Ganeebkhind Road, Poona 5 

Ban, Abdul, M So , Lecturer in Botany, Osmanta University, 
Hyderabad, Deccan 

Basu, N M., D Sc , 7 Bakshi Bazar Lane, Dacca. 

Basu, Saradindu, M.Sc., Meteorologist, Ganeshkhind Road, Poona 5 

Bharadwaja, Yajnavalkya, PhD, Professor of Botany, Hindu 
University, Benares 

Bhargava, Saligram, MBc., Reader, Physios Department, Allahabad 
University, Allahabad 

Bhargava, Vashishta, MScn ICS., Sesaioos and Subordinate 
Judge, Agra. 

Bhatia, K B., ICSn Finance Department, U P. Secretariat, 
Lucknow 

Bhatia, M. L., M So., Lecturer in Zoology, Lui^ow University, 
Lucknow 

Bhatnagar, Birendra Kumar, BSc., Bank Road, Allahabad 
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Dftte of 
Elootioa 


Alphabetical Last of Members 


21- 4^ t * 

20-12-84 

17-4-31 
1-1-81 t • 

20-4-36 * 

20-4-38 t* 

31-10-35 

10-5-36 t * 

1-1-30 t • 

17-4-81 * 

10-5-37 

9- 2-34 

17-12-35 

10-5-37 

10- 6-35 t • 

31-10-35 
28-10-32 * 

22- 12-32 * 

10-8-31 * 

17-12-85 • 

20-7-38 
20-4-38 t • 


Bhatnagar, S. D Sc., O B £!., Profisssor of Chemistry, Govern- 
ment College, Lahore 

Bhattacharya, A K., D So., Chemistry Department, Allahabad 
University, Allaliabad 

Bhattacharja, D P, M Sc^ Bareill} College, Bareilly 
Bhattacharya, D B., M.8c., Ph D , Doctenr bs Sciences, Professor 
of Zoology, Allahabad University, Allahabad 
Bose, N K , Ph D , Mathematical Officer, Irrigation Research 
Institute, Lahore 

Buxridge, W., D M , M A. (Oxon ), Profeasor of Physiology, Lucknow 
University, Lncknow 

Chakravarty, D N, DSo., Professor of Chemistry, College of 
Science, Nagpur 

Champion, 11 Q , M A , Sylvicultiinst, Imperial Forest Research 
Institute, Dehm Dun 

Chatterji, 0 , M 8c , Meteorologist, Upper Air Observatory, Agra 
Chatter]i, K. P , M.Sc, AIC., FCS, Reader, Chemistry Depart- 
ment, Allahabad Umversit), Allahabad 
Chatterji, N G , D Sc., H B , Technological Institute, Cawopore 
Cbaturvedi, Pandit Champa Ram, Professor of Matbematios, 
St John’s College, Agra. 

Cbaudhury, K , Ahmad, M.Sc , Wood Technologist, Imperial Forest 
Research Institute, Dehra Dun 

Chandhury, S S, M.A., M.8c, Kadam Kuan, P O Bankipore, 
Patna 

Chopra, R N, Lt-Col, CIE., MB, IMS, Director, School of 
Tropical Medicine, Central Avenue, Calcutta. 

Dabadghao, V M., Physics Department College of Science, Nagpore 
Das, A. K , D Sc , Upper Air Observatory, Agra 
Das, B K., D Sc., Professor of Zoology, Osmania University, 
Hyderabad, Deccan 

Das, Bamsaran, D So., Zoology Department, Allahabad University, 
Allahabad 

Das Ghpta, S N , MSc., D LC , Ph D., Reader m Botany, Ludenow 
University, Lucknow 

Dass, A T., I^aram, M So , 13 Strachey Road, Allahabad 
Datta, S., DSo^ DlC., Profeesor of Physios, BresideDcy 
College, Calcutta. 
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Date of 


Election 


16-d-S7 


17-4-81 

* 

81-10-36 


29-2-32 


17-4-31 

* 

1-1-30 

t * 

31-10-35 


23-4-37 


28-10-32 


17-4-31 

t * 

19-3-31 


1-2-37 


20-4-36 


22-2-33 


20-4-36 

t * 

8-11-33 

t * 

19-3-31 

* 

19-3-31 

* 

20-4-86 

t * 

17-4-81 

« 


Alphabetical Liat of Membwe 

Dayal, Jagadeehwan, hLSc^ ZooIoKy Department^ Laoknow 
University, Lucknow 

Deodhar, D PhD^ Reader, Phyeica Department, Lnoknow 
University, Lucknow 

Deeai, M. 8 , M.So., Professor of Physics, M.T B ColleKe, Surat. 

Deb, Suresh Chandra, D8c, Research Physicist, Bose Inetitate, 
Calcutta. 

Dey, P K , M Sc., I AJS , Plant Pathologist to Ooverament, United 
Provinces, Nawabganj, Cawnpore. 

Dhar, N R., D Sc , Ooctenr ha Sciences, F I C , I E.8 , Deputy 
Director of Public Instruction, U P , Allahabad 

Dube, Qanesh Prasad, M Sc^ Lecturer in Physics, Balwant Rajput 
College, Agra. 

Dubey, V 8 , M Sc., Ph D , D LC , Professor of Economic Geology, 
Hindu University, Benares 

Dutt, A K , D Sc., Research Physicist, Bose Bosearch lostitote, 
Calcutta 

Dutt, 8 B, DJSo., Reader, Chemistry Department, Adfaihabad 
University, Allahabad 

Dutt, S K, MSc, Zoology Department, Allahabad University, 
Allahabad 

Gandhy, Darabshaw J, Esq, Agricultural Engineering Depth, 
U P., Cawnpore 

Ganguly, P B., DSo, Professor of Chemistry, Science College, 
Bankipore P O , Patna. 

Ghatak, Narendranath, MSc, DSc, Chemical Assistant, Indian 
Stores Department, Gkivernment Test House, Alipore, Calcutta. 

Ghosh, J., M.A , Ph D , Professor of Mathematics, Presidency College, 
Calcutta. 

Ghosh, J C, DSc., Professor of Chemistry, Dacca University, 
Dacca. 

Ghosh, R N, DSc., Physics Department, Allahabad University, 
Allahabad 

Ghosh, Satyeshwar, DSo., Chemistry Department, Allahabad 
University, Allahabad. 

Ghosh, 8 L., Ph.D., Professor of Botany, Government College, 'Lahore 

Gupta, R M , 1% D., Deputy Public Analyst to Government, United 
Provinces, Lui^now 



( 36 ) 


Date of 
Election 

10>6>87 
17-4-31 
10-6-37 t 
'Jl-12-88 

10-5-87 

20- 4-36 
3-4-34 
10-5-37 

10-5rS7 

15- 9-31 t 

21- 4-33 
9-2-34 t 

3-4-34 t 

6-10-33 

81-10-35 

10-6-37 
1-1-30 t 

16- 9-37 
31-10-86 t 
St-10-35 


Alphabetical List of Members 

Gupta, K M , M So , D 8c , Profeasor of Biology, M T B. College, 
Surat. 

Higginbottom, Sam, D Phil , Principal, Allahabad Agrioiiltnml 
Institute, Nairn, E I R , Allahabad 
Husain, M. Afml, Khan Bahadur, M A , M Sc , IAS, Vice- 
Chancellor, Punjab University, Ijabore 
Husain, Zahur, BA (Ilona X c/o Prof A K Nyaaoe, MA, 
Superintendent, The ‘ CXnadranglo ’ Hostel, Ooveniment 
College, Lahore 

Ishaq, Mohammad, PhD, Physics Deptt, Muslim University, 
Aligarh, U P 

* John, C C, Professor of Zoology, Agra College, Agra. 

Joshi, A D , P ES , Lecturer, Training College, Lueknnw 
Kalapesi, A S,B.A, BSe, DIC, PhD, FR.G8, Professor, St 

Xavier’s College, Criiickshank Road, Fort, Bombay 
Khan, A 8 , M So , D D P I , Bihar, 7 Strand Road, Patna. 

* Kichlu, P K, DSc, Deimrtment of Physics, Government College, 

Lahore 

Kishen, Jai, M.Sc., Professor of Physics, S D College, Lahore 

* Kothan, D S , MJSc , Ph D , Professor of Physics, Delhi University, 

Delhi 

* Krishna, Shn, Ph.D, DSc., FIC., Forest Biochemist, Imperial 

Forest Research Institute, Dehra Dun 
Kureishy, A M , M A , Reader in Mathematics, Muslim University, 
Aligarh 

Lnl, Kajendra Bihnn, M.8o, Assistant Traffic Superintendent, 
E.IK., c/o Baba Basant Behan Lall, BA, Partabgarb City 
COudh) 

Mababale, T S , BA, M Sc , Deptt of Biology, Gujarat College, 
Ahmedabad 

* MacMahon, P S, BSc. (Hons), MSo, Professor of Chemutry, 

Lucknow University, Lucknow 

Mahadevan, C., M A , D Sc , Assistant Siipenntendeiit, Hyderabad 
Geological Survey, Hyderabad (Deccan) 

* Maheshwan, Panohanan, D Sc., Botany Department, Allahabad 

University, Allahabad. 

Majumdar, R. C , M.So., Ph D , Bose Research Institute, 93 Upper 
Circular Road, Calcutta. 



( 86 ) 


Date of 
Election 

10-6-37 

31-10-36 

31-10-35 

8-11-33 

17-12-35 t 

19-3-31 

1-1-30 t 

19- 3-31 t 

1-1-30 

23-4-37 

31-10-35 

10-5-37 

20- 4-35 t 
1-1-30 

22- 2-38 

23- 4-37 

20-4-36 t 

81-10-35 
16^35 
17-4-Sl 
3-4-83 t 
10-5-36 t 


Alphabetical list of Members 

Matiiur, A M.8c^ D I C , D Be., Principal, Darbar Totumadiate 
ColleKC, Rewn, C I 

* Mathur, K. N, DSo., Lecturer in Phyaics, Lucknow Univemly, 

Lucknow 

Mathur, Lakshmi Sahay, MJBo., Upper Air Observatory, Aiptn. 

* Mathur, Ram Behan, ALSc., Professor of Mathematics, St 

Stephenson College, Delhi 

* Matthai, George, MA, BoD, F.B8E., IE8, Professor of 

Zoology, Punjab University, Lahore 
Mazumdar, Kanakendn, D Sc , Physics Department, Allahabad 
University, Allahabad 

* Mehta, K C , Ph D , M Be., Aipra College, Agra. 

* Mehm, HR., Ph D , Reader, Zoology, Deportment, Allahabad 

University, Allahabad 

* Mitter, J H, MSc, PhD, Professor of Botany, Allahabad 

University, Allahabad. 

* Misra, Avadh Behan, DAs., DPIiil, Deptt. of Zoology, Benares 

Hindu University, Benares. , 

Mohan, Ananda, BSo., Assistant Traffic Superintendent, EIJL, Chief 
Commercial Manager’s Office, 105 Clive Street, Calcutta. 
Moudgill, K. Ij., Principal, H H hbiharaja's College of Science, 
Tnvendrum (TravancOTO State) 

* Mowdawalla,F K, M A, MIEE, Mem A I E E , M.I E , 301, Frere 

Road, Fort, Bombay 

* Narajaii, Lnxini, D Be , Reader, Mathematics Department, Lucknow 

University, Lucknow 

* Narliker, V V., M.An Professor of Matbematies, Benares Hindu 

University, Benares 

* Nath, Baj, D I C., Pb D., Depth of Geology, Benares Hindu 

University, Benares 

* Norroand, C W B, MA, DBo., Director General of Obser- 

vatories, Poona. 

Oak, y G., M So , I C B, Additional District Judge, Meerut. 

Pande, Kedar Dat, M So., Lectnrer, Training College, Agra 

* Pandya, K CU Ph D., Sh Jonh's College, Agrs. 

* Panja, P K., M A , I E S , Ravenshaw College, Cuttack 

* Pinfold, Ernest Sheppard, M.A., FGS., Geologist, AUock Oil 

Co., Ltd , Rawalpindi, 
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Date of 
Eleotton 

18- 9<86 
8-4-88 t 

5-10-83 

21- 4-38 

15- 0-31 t 
10-6-37 

10-5-37 

10-6-37 

20-12-34 

16- 9-37 
10-5-87 

8-4-33 

23-4-37 

19- 3-31 

15-9-31 

22- 2-33 

20- 4-35 

14-3-34 t 

22-2-38 t 
1-2-30 
10-5-87 

F 8 


Alpbabotical Ldst of Bfembon 

* Pramanik, S. M^., PhD, DlC, Metaorologiat, Meteoro- 

logical Office, Poonn 5 

* Piraaad, Badri Nath, Ph D,, Doctenr 6s Sciences, MathematiCB 

Department, Allahabad University, Allahabad 

* Prasad, Gorakh, D Sc., Reader in Mathematics, Allahabad 

University, Allahabad 

* Prasad, Kamta, M A , M Sc , Professor of Physics, Science College, 

P O Bankipore (Patna) 

* Prasad, Mata, D Sc , Royil Institnte of Science, Bombay 

Prasad, Shiva Parbati, MA (Cantab), Professor of Physics, 

Science College, Patna 

Rahimullah, M , M.Sc., Lecturer m Zoology, Osmaina University, 
Hyderabad 

Rahman, Waliidur, BSc (Cal), Professor of Physics, Oainania 
University, Hyderabad, Deccan 

Rai, Ram Niwas, M Sc., Physics Department, Allaliabnd University, 
Allahabad 

Rama, Sbyam Lai, MSc., Professor of Biology, S P College, 
Snnagar, Kashmir 

Ramiah, K , Geneticist and Botanist, Institute of Plant Industry, 
ludore 

* Ram, Ra]a, M.A , B EL, Professor of Civil Engineering, Thompson 

College, Roorkee 

Randbawa, M S., I C B , Assistant (kimmissioner, Fyznbad 

* Ranjaii, Shn, MSc (Cantab ), Docteur Os Sciences, Reader, Botany 

Department, Allahabad University, Allahabad 

* Rao, A Subba, DSc, Department of Zoology, Central College, 

Bangalore 

Rao, G Gopaia, KA., M.Sc., D Sc , Chemistry Department, Andhra 
University, Waltair 

* Rao, L, Rama Krishna, M.A , Ph D , D Sc , Department of Physics, 

Andhra University, Wultuir 

* Rao, K., Rangadbarma, DSc, Physics Department, Andhra 

University, Waltair 

* Bay, Bidhubhusan, D Sc , 92 Upper Circular Road, Calcutta 
Ray, J P , M So , Professor, DAY College, Dehra Dun 

Bay, Bamesh Chandra, DSc., FIC, Professor of Chemistry, 
Science College, Patna. 



( 38 ) 


Date of 
Election 

21-12-31 
23-4r37 
29-2-32 
1-1-30 t 

1-1-SO t 
17-4-31 

1- 2-3fi 

2- 3-37 
10-5-37 

31-10-35 t 

3- 4-33 
20-4-35 t 

17-12-35 t 

20-12-34 

10-5-37 

19-3-31 

23-4-37 

31-10-35 

10-5-37 

31-10-35 


Alphabetical Ltat of Memben 

Ray, Satyendra Nath, M.So, Physios Department, Laoknow 
Univeraity, Lucknow 

Rode, K P, ]l£Sc, Asst. Professor of Geology, Benares Hindu 
University, Benares 

Saha, Jogendra Mohan, MSc., Manager, Sitalpor Sugar Works, 
P O Dighwara, Diet Saran 

* Saha, M.N,DSc., FR8,PAJ9B^ F Inst P^ P RB , Palit Professor 

of Physics, University College of Science, 92, Upper Circular 
Road, Calcutta 

* Sahni, B, DSc, SoD, FJLS, Professor of Botany, Lucknow 

University, Lucknow 

* Sane, S M , B So , Ph D , Reader, Chemistry Department Lucknow 

University, Bodshah Bagh, Lucknow 

* Saxena, Ram Kumar, DSc, liectorer in Botany, Allahabad 

University, Allahabad 

Soliroff, M.L, BA, M.S (Mass), Head of the Department of 
Pharmaceutical Chemistry, Benares Hindu University, Benares 
Sayeeduddiu, M, MA, B.8o, Professor of Botan), Oamania 
University, Hyderabad, Deccan 

* Sen, Jitendra Mohan, M Ed, BSo^ Teacher’s Dtp, FRGB, 

D Ed , Principal, Knshnagar College, Knshnagar 

* Sen, K C , D Sc , Officer-in-charge, Animal Nutrition Section, 

Imperial Vetennary Research Institute, Izatnagar, U P 

* Sen, Nikhil Kanjan, DSc., Professor of Mathematics, 92 Upper 

Circular Road, Calcutta 

* Son Gupta, N N , Pb D , Professor of Psychology, Lucknow 

University, Lucknow 

* Sen Gupta, P K , D So , Weather Section, Indian Meteorological 

Department, Bhamburda, Poona 6 

Seth, Trilok Nath, M So , Ph.D , Lecturer and Head of the 
Department of Medical Chemistry, Medical College, Patna 

* Sethi, Nilial Karan, D So , Agm College, Agra 

Sethi, D R, Esq , IA.S., Dipeotor of Agnonlture, Bihar, Patna 
Shabdc, N G, DSc, Professor of Mathematics, College of 
Science, Nagpur 

Shanoa, Dhyau Swarup, B So , 40, Kaiserbagh, Lucknow 
Sharma, P N , M Sc,, Physios Department, Lucknow University, 
Lucknow 



( 39 ) 


Date of 
Election 

16- 9-31 
18-9-86 

34-33 t 
3-4-33 

10-5-87 t 

17-12-35 

10^5-37 

17- 4r81 

18- 9-35 

19- 3-31 t 

10-8-38 

16-9-81 

19-12-32 

174-31 t 

20- 4-86 
17-12-86 

9-11-86 

16-9-87 

234-37 


Alphabeboal Lut of Memben 

Sharma, Ram Eliahore, M 8c , Physics Department, Ewing 
Christian College, Allahabad 

Shukla, Janordan Prasad, M Sc , Indian Institute of Sugar 
Technology, Cawnporc 

* Siddiqi, M.R., Ph D , Professor of Mathematics, Osmntua Univer- 

sity, Hyderabad, Deccan 

* Siddiqni, Mohammad Abdul Hamid, MA, MS, FRC8, DLO, 

Professor of Anatomy, King George's Medical College, 
Lucknow 

Singh, Bawa Kartar, M A (Cantab ), 8cD,FIC,lE8, Professor 
of Chemistry, Science College, Patna, and Chemical Adviser to 
the Department of Industries, Bihar 
Singh, Bhola Nath, D Sc , Kapurthala Professor of Agnciiltural 
Botany and Plant Physiology, Head of the Institute of Agn- 
cultural Research, Hindu University, Benarea 
Singh, T C N , D Sc , Asst Economic Botanist, Tu-charge 
Botanical Section, Sabour (Bihar) 

Soonawala, M F , M Sc , Maharaja's College, Jaipur (Bajputana) 
Snvastava, Bishwambhor Natb, M Sc , Lecturer, Physics Depart- 
ment, Allahabad University, Allahabad 

* Snvastava, P L , M A , D Phil , Reader, Mathematics Department, 

Allahabad University, Allahabad 

* Snvastava, R C, BSc (TechX Sugar Technologist, Imperial 

Council of Agncnltnral Research, India, Cawnpore 

* Snkantia, C , B A , D Sc , Medical College, Mysore 

* Strang, J, A , M A , B So , Professor of Mathematics, Lucknow 

University, Lucknow 

* Sulaunan, S M., Hon’ble Sir, K&, M A , LLD , D Sc , Judge, Federal 

Court of India, Delhi. 

* Sur, N Kn D So ) Meteorologist, Meteorological Department, Poona 
Tandon, Amar Nath, M So., D Phil , Physics Department, Allahabad 

University, Allahabad 

Tandon, Prem Narain, M.Sc., ICS, Joint Magistrate, Gaya, 
Bihar 

Thapur, G S., PhD, Reader in Zoology, Lucknow University, 
Lucknow 

Tlwan, N K!., MSc (Alld), Asst Professor of Botany, Hindu 
University, Benares 
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Alphabeboal List of Members 

* ToshniwaU G B, M^i DSo^ Physios Department, Allahabad 
University, Allahabad 

Tnvedt, Hnshikesh, M Sc^ D So^ Physical Assistant, Government 
Test House, Judge’s Court Boad, Alipnr (Calcutta) 

Varma, Hama Shanker, M Sc, Christ Chnrch College, Cawnpore. 
Varma, 8 C, MSo, Zoology Department, Allahabad University, 
Allahabad. 

Vaugh, Mason, BSo (Ing), Agricultural Engineer, Allahabad 
Agnoultural Institute, Nairn (ElRy ) (Allahabad) 

Vestal, Edgar F., PhD, Botany Secbon, Agiioultural Insbtute, 
Nairn, EIJl. 

19- 3-31 t * Vijayaraghavan, T., DPhil., Reader, Mathemabcs Department, 

Dacca University, Ramna, Dacca 

20- 4-3O t * Vishwanath, B., Rao Bahadur, FLC, Director, Imperial Agricultural 

Research Institute, New Delhu 

20-4-35 t * Wadia.D N. MA, BSc., FGB FRGB, Geological Survey of 
India, 27, Chowruighee, Calcutta 

1-1-30 t * Wall, Mohammad, Ch., M.A, PhD, LES, Professor of Physics, 
Lucknow University, Lucknow 

S B —The Secrotanee will be highly obliged if the members will kindly bring to thar notice 
erron, it there be any, in their titles, degrees, and addresses 


Date of 
Election 

10-3-31 

16-9-36 

3-4-34 

20-12-31 

9-2-34 

2-3-37 



APPENDIX 4 

List of Exchanoe Jouknatj) 

INDIAN 

Publuthen Journals 


ALLAHABAD 

Mu Pi Omega Society 

BANGALORE 

The Indian Academy of Sciences 
11 

The Indian Institute of Science 

n 

If 

Department of Electrical Technology, 
Indian Institute of Science 
Society of Biological Chemists, India 

BOMBAY 

fiaffkine Institute 

CALCUTTA 

Asiatio Society of Bengal 

If 

» 

n 

National Institute of Sciences of 
India 

« 

If 

II 

Indian Association for Cultivation 
« of Science 


Proceedings of the Mu Pi Omega 
Society 

Proceedings of the Indian Academy 
of Sciences, Section A 
„ Section B 

Journal of the Indian Institute of 
Science, Section A 
„ Section B 
Current Science 
Electrotechnics 

Proceedings of the Society of Biolo* 
gical Chemists, India 

Report of the Hafikine Institute 

Journal of the Asiatic Society of 
Bengal (Letters) 

Journal of the Asiatic Society of 
Bengal (Science) 

Year Book 

Journal and Proceedings of the Aswtir 
Society of Bengal 

Transactions of the National Institute 
of Sciences of India 
Indian Science Abstracts 
Proceedings of the National Institute 
of Sciences of India 
Report of the Council of the National 
Institute of Sciences of India 
Indian Journal of Physics and Pro* 
ceedings of the Indian Association 
for the Cultivation of Science 
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Publishers 

CALCUTTA 

Bose Research lustitutc 

Indian Science Nows Association 
Indian Chemical Society 

Oxford University Press 
COONOR 

Nutrition Research Laboratories 
MADRAS 

Department of Fisheries 
Madras Government Museum 

NEW DELHI 

Industrial Research Bureau 

Inipcml Council of A|;ncultural 
Research 


NAGPUR 

Nagpur University 

HYDERABAD (DECCAN) 

Osmanin University 
PATNA 

Philosophical Society, Patna Science 
College 

POONA 

Indian Meteorological Department 


Journals 

Transactions of the Bose Research 
Institute 

Science and Culture 

The Journal of the Indian Chemical 
Society 

Indian Physico-Mathematioal Journal 

Publications of the Laboratories 

Journals, Administration Report 

Bulletin of the Madras Government 
Museum, Natural History Section 

Bulletin of the Indian Industrial 
Research 

Indian Journal of Agricultural Science 

luduin Journal of Veterinary Science 
and Animal Husbandry 

Scientific Monographs of the Imperial 
Council of Agricultural Research 

Agriculture and Livestook in India 

Nagpur University Journal 

Journal of the Osmania University 

Bnlletm of the Patna Science College 
Philosophical Society 

Soientifio Notes 

Memoirs of the Indian Meteorological 
Department 



FOREIGN 


Publishers 


Journals 


Austratta 


ADELAIDE 

The Royal Slootety of Sontli Ausfnilin 

EAST MELBOURNE 

Council for Scientific and Industrial 
Research 


Radio, Research Board Council for 
Scientific and Industrial Research 

MELBOURNE 

Royal Society of Victoria 

SYDNEY 

Ro}al Society of Now South Wales 


Transactions of the Royal Society of 
South Australia 

Journal of the Council for Scientific 
and Industrial Research 
Pamphlet of the Council for Scientific 
and Industrial Research 
Annual Report 

Bulletin of the Radio Research Board 


Proceedin|2:s of the Royal Society of 
Victoria 

Journal and ProceedinRs of the Royal 
Society of New South Wales 


VIENNA 

Akademic der Wissenschaften 


1) 


AustKIA 


Anzeigor (Mathematuch-niitunviss- 
ensohaftUchc Klussp) 

Anr«ig«r (Phtlosophisch-histonm ho 
Klasse) 

Almanach 


Bftxiium 

BRUSSELS 

L’ Acadentie Roj ale de Belgique Bulletin de la daaae dea Sciences 

„ Aunuaire de I’Academie Rojalc de 

Belgique 

Brazil 

RIO DE JANEIRO 

lostitiito Oswaldo Cruz Memonas do lustituto Oswaldo Cruz 
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Pabluhen 


JouToals 


Cawada 

OTTAWA 

The Royal Society of Canada 

The National Research Council 

TORONTO 

The Royal Astronomical Society of 
Canada 

VICTORIA 

The Dominion Astrophysicnl Obser^ 
vatory 

China 

NANKING 

National Research Institute of Biology, Sincnsia 

Academia Sinica 

Zoological Society of China, Academia Chinese Journal of Zoology 
Sinica 

National Research Institute of Che- Memoir of the National Research 
mistry, Academia Sinica Institute of Chemistry 

SHANGHAI 

National ReseArcli Institute of Phy- Scientific Papers of the National Ro- 
sies, Academia Suiicn search Institute of Physics 

Dekmabk 

(JOPENHAGEN 

Det Kgl Danske Videnskabemes 
Selskab 

II 

L’Acad^mie Royale des Sciences et 
des Lettres de Denmark 

Lnboratoire Carlsberg 

Egypt 

CAIRO 

The Egyptian Medical Association Journal of the Egyfitiao Medical 

Association 


Mathematisk-fysiske Meddelelser 

Biologuke Meddelelser 
Mdmoires de Pacaddmie Boyale des 
Sciences ot des Lettres de Denmark 
Comptes-Rendus des Travaux du 
Laboratoire Carlsberg 


Transaotions of the Royal Society of 
Canada 

Annual Report 

Journal of the Royal Astronomical 
Society of Canada 

Publications of the Dominion Astro- 
physical Observatory 
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Publishers JoiinialB 

Engi and 


Technical OoiniuuiucntionK 


ABERDEEN 

Imperial Bureau of Anuiial Nutrition 

ABERYSTWYTH 

Impcnai Bureau of Plant Ucnoiics 
llorbiige Plants 

ST ALBANS, HERTS 

Iiuponal Buronu of Agru ultunil 
Pamsitologj 

CAMBRIDGE 

Iniponnl BnrGnii <»f Pluil Gent tun 
School of Agrioiiltun 
Tim PhiloHophicnl Socu*l^ 

EDINBURGH 

The Royal of likiiiibtugh 

HARPENDEN 

Imi>erml Buroaii of S<ul Scunce, 
Rothaiuatcd Ex|>oriiuent il Station 
»» 

»» 

EAST MALLINO, KENT 

Itnpcnal Buroan of Fruit Prodin tion 

LONDON 

Tho Eloctrioian, Boincnc Houw 
TEDDINOTON, MIDDL^>hX 
The National PlnBical Labonton 


F 7 


UullctlllB 


ll( Iminthologu il Abstriuts 

Bibliography <»F ffclniinthology 

Plant Brc( ding \bstru 

Pnxc (‘dings of tlic (^iiubiidgi Phi- 
losophical Society 

Pio( codings of th< Royal Sxuh of 
hjdinburgli 

Todinical ('oiiunuim itioiin 

lleiirints 

Reports 

Ifortu ultuial Xbsti'ntt*^ 

Llcclnnan 

Reports of tho Nitioiml Physicil 
Laborator> 

Collected Ri'searclicfl o( tin N itional 
Physical Laboratory 
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Publishers Joumnls 

France 

PAULS 

L’liistitiito Honn PouicarcS Auiiales do rinstituto Bonn Poincar^ 

Do La Station Biolo^iqiie do KoecofT Travaiix dc la Stntiou Biolofclquo do 

Bogcoft 


Qfrman\ 


BKULIN 

ProusPiBchou Akadcmie dcr 
ohiifU'M 

Dcutschcu ChcmiBchcu Gosollsth ift 

atvmNOEN 

GeascUflchafteii WiAHoiiHchnften /u 
Gotliugon 


HEIDELBEUG 

lleidelbprucr Akadciiue dcr WLaoiis- 
(hnftcn 


LEIPZIG 

SachBMche Akadomie dor Wwsens- 
ohaftou 


Sitzunj^sbonchto Der Prcuasiflclipn 
Akadcmio 

Renchto Dor Deutaclion Chcuiiacheii 
Gosollflchaft 

NachncUteii von dor Gaaellnclmlt dor 
WiBBoiiBchaltou *u Qottin^on 
Mathcmatisch-PhygikaliBcho Klnsac 
FacliKfuppo I Mathematik 

„ II Phyaik, Aatronoraie, 
Qeophysik, Tcch- 
nik 

„ III C'hemio, einachl 

PhysikaliBcho Chemio. 

„ IV Geoloicie Rnd Minor- 
oloine 

„ V Geo^raphle 

„ VI Biolofcio 

Geacimftlichc MiUeilunKon 

SiUaui^abonchte dor HeidelbetKor 
Akodomio dor WiSBOuachnfteu, 
MathomatiHch-uaturwiBgcnacbaftr 
licho Klaflge 


fionchto dor MaUiematisbo Physia- 
ohen Ktaase 
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Publi&Iters 

LEIPZIG 

SficfasiBche Akadomic dor WtssoiiR- 
chaften 

MUNCHEN 

Bnyenschcn Akadcmie der Wisscns- 
chaften zn Miinchcn 


Joiirnala 

Ablmndliinjxcn dor Mathcmatiach- 
Pliysischcn KInssc 

8it/unp:Hbcnohte dor MathomutiHc h- 
niaturwisAenschaftliohon \btci]un(v 


IIoUi\ND 


GRONINGEN 

Kapteyn Vstronouiical Ijnbomtory 
LFJDEN 

Kamorlinfj^h Onncs I/iboralory of the 
University of Leiden 


PublicationH of tlio Kaptoyn Asirono- 
lineal Laborator) 

('‘ommmucationH from the Ph>Hioal 
Laboratory of the Umvi rsit> of 
Leiden 

CornmuniC4itionA from Kamcrlinjjh 
OnncH Laboratory 


BUDAPEST 




Dor Unganacheu \kudcmio der MatheuuitiHher und Naturwisseu- 
Wi88cns<haften Hchaftlichcr Anzei^cr 


PALERMO 

Cupcolo Mathematico di Palermo 


IrviY 


Reiidiconti di 1 Cinolo Mailicmntico 
di Palermo 


Japan 

HIROSHIMA 

Hiroshima Univeraity Journal of Science of the Hiroshima 

Universit}, Senes A 

KEIJO 

Medical Faculty, Keijo Impenal The Keijo Journal of Medicine 
University 



( 48 ) 


PubliBhern 

KYOTO 

Pli>«ico-choinKMil Society of Japan, 
Kyoto Imperial University 

OS \K V 

The Faculty of Science, Osaka Impe- 
rial University 

SAPPORO 

The Faculty of Science, Hokkaido 
Imperial University 

SKND \I 

Imperial University of Tolioku 

TOK\ O 

Tlu Imperial Academy 

The IiiHtitiite of Physical and Chemi- 
cal Research 

Tlu National Research f^oiincil of 
Japan 

11 


TIk I’liYSKO-Mathematicnl Soiicty of 
Japan 


HSlNCrilNG 

The Institute of Soiontifie Research 


MANILA 

Bureau of Sciences, Department of 
Affriculturc and Commerce 


Journals 

Review of Physical Chemistry 
of Japan 

Collected Papers from the Faculty of 
Science 

Tournal of the Faculty of Scienic, 
Senes I, Mathematics 

Science Reports of the Tohokn 
Imperuil Universitv 

Proceedings of the Impenal Aeodemy 

Scientific Pa|)ers 

Japanese Journal of Mathematics 

Japanese Jonnial of Botnn> 

Japanese Journal of Physics 

lapancse Journal of Astronomy and 
Geophysics 

Report 

Report of Radio Research 

Proceodinjus of the Physico-Mathcma- 
tical Society of Japan 

i) 


Rei>ort of the Institute of Scientific 
Research 


Philippine Journal of Science 


Manchopki l) 


PuIUm^E IsiJlNDh 
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Publishers JourmlR 

Poland 


C’RACOVTE 

Acadl^nue Polonoisp dos Si lenres i*t 
des Lettren 


♦> 


Polska Akademja Umiejotno^oi 
WARSAW 

SooicU^ des Scicncps ct des I^ttres di* 
Varsovie 

11 


»* 


ComptcH lloiiduB Monsudd dcHStuncoH 
dc In cUiSHo dcs S< lonccs Mntln!'nmti- 
qucs ct NaturellcB 

Compton Kcndus MenHuds dcs h(»iuceH 
dc 111 dasBo do MchIociuc 
B ulletin luterimtionnl, diiHae dca 
StioiucH Mnthc^mniiQUCH ct Nuturcl- 
loH, Sene A Sciencea Mnthenuiti- 

qucK 

Bulletin Intcrnntional cIuhbo des 
SeicncoH Mntlu nmiiquea ct Nnturcl- 
Icp, Sene B Sciences NaturellcB (T) 
Bulletin Intcrnntionnl, clnsBo des 
SticncoH Muthc nmtiquea et Naturcl- 
les, Sene B Sciences Nuturelles(II) 
Mcnioires, clasBc dcs Sciences Matlu*- 
nmtiquos et Naturelloa, Senc V 
SciciKCB Mnthomatiqucs 
Memoirs, cliiHse dea ScicuceB Mathi^ 
tnaiiqueB (t Naturclles, Scnc B 
ScioncoB NatiircIlcH 

Bulletin Intern itionni, dasHo do Me- 
dccinc 

MemoireB ilassc dc Midecme 
Staruiiia 

ComptCB Rendn^ dcs SoanccB, clnss T 
(je/yko/nawstwn i historji litemtury) 
'Comptes Rcndiis doa i^eances, class II 
(hiHtoryc/nych, Rpolcc^nych i filozo- 
tic/nych) 

Com]>to8 Rendiis dcs Seances, class III 
(matcmatyc/no-fizycznych) 

Comptea Rendus des J^eances, class IV 
(biloKicznycb) 

Acta Ph>8ica Poloincu 


Polish Physical Society 
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Publishers 


Journals 


NbN Zkaland 


WELLINGTON 

Ro>iiI Society of New Zonland Transactions and I^hx^iedinss of the 

Royal Society of New Zealand 


C VPE TOWN 


South Akmca 


Royal Society of >South Africi Transactions of the Royal Society of 

South Africa 


SWEDFN 


H NI) 

Kiiniil Kj siogmflska Sallskapets 
STOCKHOLM 

Kungl Svenska Vctenakapsakadenne 

I PPS VLA 

Uppsala Univcrsitot 


Kungl Fysiografiskn Shllskapets For- 
handlingar 

Kungl Svenska Vetenskapsakado- 
miens Handlingar 

Uppsala Univcrsitets Arssknft 


GENEVV 


Su nyi- lUAKo 


Socu^te do Ph>sique ct d’ Histoiro Comptc Rendu des Stances dc Ia 
N ntnrcIIo de Genhve SooicU^ de Physique ct d’ Ilistoiro 

Naturalle do Qenhve 


ITwion of Sovjft Souaust Rffubucs 

KHARKOV 

Chaikovsnknya Ki Physikalische Zeitschrift dcr Sowjet- 

Union (stopped after March, 1938) 

LENINGRAD 

The Akadomie dcr Wissensohaftoii Bulletin de I’Acadenue des Sciences 

Matfai^matiqoes ot Natnrelles 

MOSCOW 

De PAcaddmie des Sciences de Comptea Bendas (Doklady) 
rURSS 



( 61 ) 


Publishers 

Do l'Aoad(?inic dos Scioiilos do 

rURSS 

UKRAINE 

Academic dos Scioiieos d’Oknuiio, 
K>ivo 

IS 

s» 


Journals 

nulintm (Ig I'Acadi^tniG doH Sciences 
do rUItSS clttBBo dcH SciencoR 
Mathcinatiques et NatnrclIoH 


Journal du Cycle Plomque et de 
Chcinio 

Joiirnul du (\(lo Math(^niitique 
Uulldin de la classc dos Scu lu cm 
P hysiques et Mntll^nl itiqiies 


UmPFSO SxArfH Oh AMUtUA 


ALLmHENY CITY 

Allegheny Observatorj of the Uiu- 
ver8it> of Pittebursth 

BOSTON 

Vincncaii Academ> of Arts and 
Scicncca 


CALIFORNIA 

Tilt Mount Wilson Obaervator) 


Lnivenuty Libmr) 

Lick Observatory, Universit) of Cali- 
fornia 

CAMBRIDGE MASS 

MaasachuBctts Institute of Technolofry 


Publuyilions of tin Ob- 

Hervator> 


ProeecdiiiKs of the American A(adi 
my of Arts and Scienees 
Mnuoirs of the Amenexm Aeiddin 
of Arts and Sciences 

Contributions fnmi the Mount Wilson 
Observator) 

('ommumeations fi*oin the Mount 
Wilson Obs< rv itorj 
Report of the Director of the Mount 
Wilson Observutor> 

Piiblnations in Zooloji?y, I niversit) 
of California 

Lick Obsirvatory Bulletin 


Journal of Ph)aics and Matlicumtits 
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PublwhorH 

CHICAGO 

Tho University of Chicago 

LAWRENCE, KANSAS 

The Universit) Kiiusns 

MICHIGAN 

Observatorj Library, (Jiuvcrait> of 
Mu hignn 

Ni:\V YORK 

Bell Telephone Libomtone*^ 

Anienenii Tdephoiu and IVh^grnph 
Company 

RooHexelt Wild Life Forest Kx- 
periinent Station 

The Vmtnean Miiaoniu of Natiiril 
Ilifltnr} 

New York \endem> of Sciences 

Aiuenoan Inatitute of Pliyaies 

NLW^ HAVEN, \ALE 

Vstrononucal Obaervatorj of Yak 
Univcraity 

Sc<retar>, Aruenenn fiouriinl of 
Science 

PHILADELPHIA 

The* Frinklin Irmtitiitc of the State 
of Pennsylvania 

\inerioan Philosophienl Society 

Academy of Natural Sciences 


JoiimnU 

Astropbysica) Journal 

Scieneo Rullctin 

Publications of tho Observatoiy of tlie 
Ibmersity of Michigan 

Bell Telephone System Technieal 
Publications 

Boll System Technical lournnl 

Uooso\elt Wild Life Annals 

Amerunu Museum Novelties 

Vnimls of the Now York Aiadeinv 
of Sciences 

Review of Scientific Instruments 

Journal of (Miemioal Physics 

Transactions of the Astronomical Ob- 
servatory, Yale University 

Ainericaii Journal of Science 


Jounial of the Fninklin Institute' 

Proceedings of the Ameneaii Philoso- 
phical Society 

Proceedings of the Aendotny of Natu- 
ral Sciences of Philadelpbia 
Miscellanea 

Library Annual Report 
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Publiehers J ounmla 

WCK)D8 HALE, MASS 

Manne Biolofi:ioal Laboratory Libnin The Biologdcal Bulletia 
WASHINGTON 

The National Acadeni> of Hoiences Proceedings of the National Academy 

of l^ienccs 

Smithsonian Institutf* Publications 

Department of Commeno, Uiireau of Public itioim uf the Bureau of 
Standards Standards 

The Coinunssioiier of Kislu lus PubiKntious 


P 8 



APPENDIX 6 


Joiirtini subscribod b> the Niitioual Acadciu} uf Scienoefi, India, daring tile 
year l‘)38 


Okveral 


Piiblisiiors 


Journals 


liirsciiwaldHolie Uiiclilmndliiiig, Hurliii, Die Natiirwissonarliiften [Stopped 
NW7 aftft May, lit m 


54 



APPENDIX 6 


List of i*ai*fiw Commjnic ath) to tiif AcAi>i-M% nriiiNc 
January DtctMBFii W38 

1 Purachor und velocity of sounds in mctnlhc elements by fiinayetidra Nath 

Son, Chemistry Department, Burdwnu Ita] College, Biirdwnii 

2 On the distance of ( loBCSt approach of atoms by Biiia^ciidra N ith Sen, 

Chemistry Department, Burdwan Raj College, Burdwaii 
3. On a physico-chemical theory of photo-electric threshold by Bmayendra 
Nath Sen, Chemistry Deportment, Burdwan Ra] ('ollpge, Burdwan 

4 On a physico-chctmcnl theory of loniHition of atoms on the basis of strun 

by Biuajendra Nath Sen, Chemistry Department, Burdwan Raj College, 
Burdwan 

5 (''homicnl examination of tlu' fruits of Physahs jutuimiia or Cape 

Gooseberry, Part III, by Jagra] Behan Lai, Chemistry Department, 
University of Allahabad. 

({ Study of F-rcgioii ionisation at Allahabad by B 1) Pant and R R. Bajpai, 
Physics Department, University of Allahabad. 

7 On ft new species of the genus /istfotienm IjOoss (1901) from the intestine 

of a fresh water fash, Vlanas Imimdutx (from Lucknow) by J Dayal, 
Department of Zoology, Lucknow University 

8 On the oocurreuco of Skrjalnwtm ovtft (Skrjabui 1915) in India by M 

Abdussalam, Punjab Veterinary College, Lahore 

9 The genito-unnary system of tlio Indian ground squirrel {Fumwbnlmt 

palmarun) by M A fl Siddup, Department of Anatomy, K O Medical 
College, Lucknow 

10 Colour and chcmicnl constitution The organic and inorganic salts of 

diphenylviolunc acid by Hatyn Prakash and Sikhibhusan Dutt Chemicil 
Laboratory, University of Allahabad 

11 Indigoid dyestuffs derived from chrysoquinone by V L Varroa and 

Sikhibusan Dutt, Chemistry Department, University of Allahabad 

12 Studies on the trematodo parasites of fishes A new trematodo, Kuanm 

hyderabadi, n gen, u sp from the intestine of a fresh water fish, 
Ophuxxphabu punctattig, by J Dayal, Zoology Department, Lucknow 
University 

18< Caustic soda and alumina from salt and bauxite (a new process of 
manufacture) by V S Dubey, Y P Varshney and R. 8 8)iarma, Depart- 
ment of Geology, Hindu University, Benares 
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11 Notes on the microsoopu sliidtos of the igneous rocks of Elephantn, 
Tronibay and Silscttc islands and Parncra hill by A S Kalapest and 
R N Snkhoswnia, St Xavier s College, Bombay 
15 — Studies on the effect of alcohol on the metabolism of green leaves, 
Parts I— VIII by U N Chattcigi, Botany Department, Univentty of 
Allahabad 

J3 New avian trematodes (Faintly Diplostoimdcie) from Indian birds by 
It D Vidyarthi, Zoology Department, University of Allahabad 

24 On the formation of Liesegang rings in thQ presence of precipitates by 

Biiiayendra Nath Son, Chemistry Department, Burdwan Baj College, 
Burdwan 

25 Mathematical theory of a new relativity, Chapter XVI, Generalised gravi- 

tation by Sir S M Snhiiman, Judge, Federal Court of India, New Delhi 

26 The solution of certain types of differential ei|untiou8 by A C Bniicrji 

and P L Bhatuagar, Mathematics Department, University of Allahabad 

27 The fate of the Duct of Cuvitr in man and certain other muiura ils by 

M A. H Siddiqi and R. V Singh, Department of Anatomy, K Q Medical 
College, Lucknow 

28 ( 'hanges in respiration and H-ion concentration in wounded potato tubers 

by B N Singh and M L Mehta, Institute of Agricultural Research, 
Hindu University, Benares 

26 Annotated list of hclmintlis from domesticated animals of Burma, Part I 
(Trematodn) by R. C Chattcrji, Helminthological Institute, University of 
Rangoon, Burma 

30 Tungsten and molybdeuin powder in organic synthesis by Oanri Shankar 
Basu and Sikhibhusaii Dutt, Chemistry Department, University of 
Allahabad 

11 Cadniinm powder as a synthetic reagent by Anil Chandra Chatterji and 
Sikhibhusan Dutt, Chemistry Department, University of Allahabad 
82 Composition of Patent Still molasses fusel oil of Indian origin by 
Sikhibhusan Dutt, Chemutry Deportment, University of Allahabad 
Id A new strigeid trematode of the genus Cramphtala V Haitsina 1925 
(Family Diplostomidie Poirier) from an Indian King-fisher by fi P 
Pande, Zoology Department, University of Allahabad 

34 On two new trematodes from Indiau Cypriiioid fishes with remarks on the 

genus d(k>c/eadtt<m Looss by B P Pande, Zoology Department, Univer- 
sity of Allahabad 

35 A note on the telescope method for determining the focal length of lenses 

and mirrors by Sukhdeo Bohan Mathur, Physics Department, University 
of Delhi 
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3tt Chenaical examinniioii of the ossontial oil of f^annni by 

Narain Tayal and Sikhibhuaan Diitt, Chcini8tr> Department, TTiuvcraity 
of Allahabad 

37 F'-rogion loniHation in Juno 1938 at Allahabad b} K B Mathiir and 

G R Toshniwal, Physics Department, University of Vllahabad 

38 Osculatmff quadrics of a ruled surface by R Behan, Mathematics Depart- 

ment, University of Delhi 

89 On tiie tremiitodo genus L}})erosnmum Lohs, 1890 (Dicrocmliido?) with « 
descnptiou of two new spocics from ludia b> It P Pando, Zoology 
Department, University of Allahabad 

40 Two new species of the trcmatodcs from Anlnuga mflftnogaairr^ the Indian 

darter or snnke-bird by B P Pande, Zoology Department, Uni\orsit> of 
Allahabad 

41 Changes in the viscosity of agar sol with temporatruc by 8 N Banerji 

and S Ghosh, Chemistry Departmout, University of Allahabad 

42 Changes in the viscosity of agar sol with concentnition by S N Banerji 

and 8 Ghosh, CheiiiiKtry Department, Uni\er»it> of Allahabad 

43 Constitution of Snntalin by Jagraj Ihlmn Lai, Chemistry Department, 

University of Allahabad 

44 Migration of para halogen atom in a derivative of meta-cresol by A B 8en, 

Chemistry Department, Liickuow Umvc rsity 

45 Further studios of the F-region ionisation at Ulahabad by 11 R Bijpai 

and B. D Pant, Pbisics Dipartment, TjnivorKity of Allahabad 
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